Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



I 



Q 

I 



\ 



if 



\ 



V' '^^ 



»Jt. 



■\ 



'.J 



I 



i] 



*^ • 



>x 










THE 



Philosophical Grammar^ 

i Being a View of the 

•: PRESENT STATE 

O F 

EXPERIMENTED PHYSIOLOGY, 

O R 

NAT U R AL PHILOSOPHY, 

In Four PARTS. 

pARt I. SOMATOLOGY, treateth of the uniTerfal Nature and Properties •£ 

M^tiCTy or SubAance, and the fpecifick Qualities o£ natural Bodies. 

• »^ . • 

PArt ]i. COSMOLOGY, cxhibiteth a general View of the Univerfe, and it* 

great rcnfiituent Pjirts ; the Sun, Moon, Planets, Comets, fixed Stars, &c» 

Part Hl AEROLOGY, comprifeth the Philofophy of the Atmofphcrei View- 
ing the wonderful Nature and Properties of the Air, Wind^ Meteors, and othef 
Phaenomena therein. - 

Part IV. GEOLOGY, containeth a Philofophical View of the terraqueous 
Globe, in all its Parts and Produftions $ as Minerals, Metals, Stones, ^c.. The 
Laws of Fi^divJ the Sea, its Tides, Csfc Of Rivers? Springs, &(':■ 'Of Ve- 
getation/ and the Nature of Plants, Trees, &c. Of the Parts pf animal Bodies j 
•oda Survey of theK^ture of Beafts, Birds/ Fi/hes, Infers,' Reptiles, Shell* 
Aninials, c/r . , --••'* 
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The FIFTH EDITION/ with M^fi^tois; Corre^ions, and 

very large Additions^ ' by way of ^otes. 

By ben J. M'A-^tlN.'^A^ex'^' " 



The fyhrks of tbt Lord are great, fought out^ of nil them that haw Pleafun therein^ 

Pfalm cxi. z. 
Philofophia mater omnium bonarum artibm, nihil eft jdiudj nifi, ut Plato ait 

donum et inventum DeOrum, Cicero, i Tufc* * 
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P R E F A C E. 

^'^HE favourable Reception thefor-^ 
mer Editions has met withy in- 
> • dines me to hope that this fifth 
Edition will find farthef Encouragement 
from the Ptiblick ; efpecially when it is 
known what great Improvements are 
fnade thrmigh the whole Work fince the 
firfl Edition of this Book, both by the Ad- 
vice and Remarks of many learned and 
judicious Perfons (which I here gratefully 
jzcknowkdge) and my. own Obfervations, 
All this has produced confiderable Alte- 
rations, CorreSiions and Additions ; for 
many new and curious SubjeBs, and ten 
new Plates are added : And the mofl ap- 
proved Authors, who have treated more 
largely of thefe Things, than can be ex^ 
peBed in this fmall Volume, are referrd 
to, I pall add no more, but that this 
Book is defignedfor the InftruBion and 
\ ? A 2 ' En- 
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iv The PREFACE. 

Entertainment oftheYouth of boih Sexes: 
And that it may fo delight and allure 
themy as to engage them to ptcrfue true 
Knowledge to a greater Perfe&ion^ is the 
Jincere Dejire of 

Their Humble Servant^ . 

Benjamin Martin. 



BOOKS printed fer J. Noon, at the White^Hart, 
in Cheapfide, near Mercers Chapel. 

I • 'TP H E young Studept^s Memorial Book, or Pocket-Li- 
X brary of the Mathematicks, containing for lUaftra- 
tion, above 120 Cuts. Price 38. 

2. A new and univerfal Syftem, or Body of Decimal Arith- 
metic ; containing the Doctrine, Application, and Ufe, in aU 
the Parts of Arithmetic, Mathematics, ^c. Price 68. 

3. The young Trigonometer> Complete Guide, being plain 
and fpherical Trigonometry made plain and eafy. In Two Vp- 
lumes^ 8vo. Price ics. Thefe three by Benjamin Martin, 
Teacher of the Mathematics, ^r. 

4. Th^ Elements of all Geometry : Containing, i . The Rudi- 
ments of I)ecimal Arithmetic,^ Logarithms and Algebra, by Way 
of Introdu^ion. 2. Eucl i d*8 Elements of plain and lineal Geo- 
metry, in fix Books : His Elements of folid Geometry, in two 
JBooks. Dexponflr^ted in a new and moft eafy Method for the Ufe 
of thofe efpecially who learn without a Matter. 3. The Elements 

' Of Spherical Geometry^ colle^ed, digefted, and demonflratcd 

after the fame Manner as (he Euclidean Elements, containing the 

Doctrine of Sfiherical Trigonometry, and the Orthographic and 

£tereographic ProjedTion of the Sphere in Piano. 4. A Com- 

j>endium of .Conic Geometry } containing a plain and eafy De- 

monftration of the principal Properties of the Conic Se^ions, 

ifiz. theEllipfis, Parabola and Hyperbola. 5. AnAppendixi 

' containing an Epitome of the DoArine of Fluxions, and a Spe* 

cimen of the Method de fiiaximh de minims^ both applied to Ufe. 

The Whole being intended as a compleat Introduction to the 

Modern Mathefis^ or Body of MatlKimatical Literature. Price 68* 
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CHAP. I. 

i)f the Science of Phikfophy in gene-^ 
ral\ of Natural Phikfophy in par^ 
ticular ; its Parts and Suhje&s^ and 
various Ufes in Life. 

ji. T IT THAT is the genuine Meaning of 
YY the Word FMlofopb^? 

B. By Philofophy, you are to 
xioderftand the Science or Knowledge of the 
Nature, Caufes, Properties, and Effects of all 
created Beings, fo far as they are capable 
of being known by Rcafon, difcovered by Art, 
jorany Ways adapted to the hunaan Compre- 
henfion*. 
\ 

• Tie Word Philosophy among the Antients was ufed In 
A various Senfe; for, (i.) It fometime$ was taken for (/irt- 
nterfid Knenukdge^ viz« of all Things, Human and Dt<vinf. 
• Xz^) In a flriftipr Notion, for the Contemphiion of Nature only ; 
And in this Senfe a Philofopher was called by Plato^ ^'o^ rS^ 
^vtrevi, A Friindf or Lover of Naittri. ( } .) SQnvetinics f^r 
Mthics^ or the DoN^trine of Manners ; which we call Moral Php- . 
lofophy. (4. ) It alfo inclnded the Mathematical AJ^ts and Dif- 
-cipline, cfpecially ^ri//6«rf//r snd G«jwf/ry. (5.) The Science 
ra %^vi oiQo?, of Exiftence or Being in th« Abtra£i, called Mg- 
- fafhyjics, ( 6 . ) ¥ot the Knowledge t« flr^ww «a;^, of tjie Prime 
^ or Chief Good, /. e. God ; and wis was th.t\r prima Philofopbia, 
or Theology. (7.) ^ ^^^ fometlmes applied to Logic, or Dia- 
leBia^ which gave Roles for Reafoning about the Nature of 
Things.— ^.^-Bot on the Whole, their Knowledge of God^ Na- 
ture ^ and Arts^'^ wa»ib very imperfed and fcanty, lli^at Philo- 
foj^y feems but dawning in the Works of its greateil Profe^rs 
among thf xn. 

""■ A 2 • kPleafe 
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4 51&^ Philosophical Grammar, 

A. Plcafe to be a little more particular irt 
your Definitions, or I cannot fo eafily (as I 
would) apprehend you : What do you mean 
by the Nature of Things ? 

B. By the Nature of any Being, or Thing, 
is meant that peculiar State, or Condition, 
yrhereby it is differenped in its Kind from all 
other Beings whacfoever : Thus 'tis the Na- 
ture of God to be perfe6t; of Man to be fo- 
ciablc J of Fire to be hot 'j of Icp to be co|d, 
&c. .' ' 

j1. In like Manner explain what you mean 
by the Caufes of ^ings^ that I may the better 
apprehend yoii pn thcfe Philofophical Sub- 
- jeds. 

B. By Natural Caufes are to be updcrftood 
the Means by which Things come at firlft to 
Ijave their Being or Exiftence : Thus God is 
the Caufe of all created Beings, becaufe fronj 
him they firft received their Being ; and hence 
GQd is palled by way of Preheminence thefrfi 
and primary Caufe of all Things. 

A. I have heard, apd ajfo read pi feconda^y 

Caufes ; pray, what is the Reafon pf this Di^ 

V tinftion ? 

. ^^ B. Fll endeavour tp inform you: Secondar 

.^ ' ry Caufes are thofe vvhich produce their Ef- 

fedts according to the Diredion and Influence 

of fome eflablifhed and original L^ws and 

Rules, implanted in their Natures at their firft 

Creation by Gqd, the primary Caufe ; of all 

other Caufes he is the original Caufe ; and 

confequently they, with Regard tP the frji 

Caufe^ 
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Oj Pbihfiply in General 5 

Caufe^ can be only properly termed fecondary 
Cau/hs: So the Sun caufcth Vapours; and 
Vapours eaufe Clouds } and Clouds condenfed 
caufe Rain ; Rain caufeth Springs, Rivers, Ve- 
getation, &c. But yet they all aft in a fecon- 
dary Manner, under the original Influence of 
the firft Caufe, as aforefaid ** 

ji. Pleafe next to define what you call the 
Properties of Bodies. 

B. By Bodies, I fuppofe, you mean the fe- 
ver al Kinds of Beings in general ^ as they ap-< 
pear to our Sight; and, in this conlmon Senfe 
of the Word, the Properties of Things are 
thofe Qualities and Operations peculiar to them- 
felves, and which * diftinguifh them from all 
other Kinds of Beings: Thus it is the Pro- 
perty of Man to laugh, and reafon ; of Glafs^ 
to be tranfparent; of Air and Wind, to be in- 
vifiblei of Space, to be infinite; of God, to do 
Good, &c. 

A. The Knowledge of EfFefts yo;i mention- 
ed as a part of Philofophy; what am I to un^ 
derftand thereby ? . 

B. This: That an EfFe£t is whatever is 
produced or brought to pafs by the Adion or 
Operation of any natural Caufe : Thus Va-^ 
pours are the Effeft of the Sun's Attradion ; 
Ice is theEifed of a cold Air; Vifibility the 

• The Dodlrine of Secondary and final Caufes^ is of the laft* 
Importance in true Philofophy ; iince the former are rhff Means 
iy nvbich, and the latter, the Ends for njohich all Things receive 
their Being from the Primary Efficient Caafe, which is God 
alone. 

A3 EfFe<a 
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EfFeft of Light; and Purging andYomitkig 
the EfFedts of divers Herbs and Medicines. 

A. Having given this general Account of 
Philofophy, I fhduld be glad ifyou'd oblige me 
with a more particular one ; pray, how many 
Sorts of Philofophy are there ? 

B. Philofophy is divided generally into mo-* 
ral dhd natural. 

^. What do you call moral Philofophy ? 

B. This is properly called Ethics^ from the 
Greek Word ?^©^, and Morality from the La-* 
tin Word Mos^ plural Mores^ both Signifying 
Manners or Behaviour. 

A. Pray, what is the bufinefs of moral Phi- 
lofophy ? 

B. To give Rules and Laws for the Beha-* 
yiour. Manners, and Conduct of Man» as Man, 
or as a rational Creature^ 

A. Pleafe to tell mc the End or Deliga 
thereof. 

J5. The great End andDefign of Morality * 
k to make Mankind acquainted with the 
Means and Methods of being happy, or to ob* 
tain the greateft Felicity in this Life. 

A. What do you properly call natural Phi- 
lofophy ? 

B. This h«h two proper Appellations, one 
is Phyfics^ from the Greek ^uV/f, Nature^ or 
(pVTiKviy Natural 'y and fo it 'imports to us the 
Science or Knowledge of Nature, or natural 
Bodies. 

A. But you fay it hath another Name^ 
what is that i 

B. Pby^ 



77)e Differ. ^ moral and natural Pbibfo^y. 7 

B. Pk^logyi'fo called of (pfvcn^. Nature, 
and Xoy&^^ z Difcaurfei and by this i$ implied 
a Diicourfe of Nature, and natural Bodies ; and 
fuch is the enfuing Book ^. 

A. Since the Word Pbihfopby^ then, is gcr 
nerai s what is implied by it ? 

B. The Word Fldiofopbyh compounded of 
the two Greek Words pxiuy ho^e^ and <r^/a, 
Wifiom^ ox Knowledge \ and thus it implies the 
Love of Wifdom, or the Study of Knowledge 
or Learning in general, as aforefaid^f'. 

A. How came the Word Philofophy firft in 
Ufe? 

B. Pythagoras^ a learned Greek Philofopher 
of Samos^ from his great Modefty, eftccmed the 
Appellation (ro<p^y a wife Man^ too arrogant 
(though the general Charadler of a learned Man 
before his Time) and therefore he was content 
to call himfelf <p/x©^, a Lover ^ tro^picc^, ofWif- 
dom : And fince him the Science has been caU 
led Pbilofcpfy, i. e. Love ofWifdom 5 and thofe 
who ftudy it, Pbikfopbers. * 

" • The Greek Word ^Vk and the Latin Natura (whence Ac 
£|]g]iih Word Naturi) are both derived from Verbs, *vi%, pvtt 
and Na/coTy which fignify to nuU^et frsduce^ heget, or ginM Bting 
to any Thing. Thus Nature^ properly fpcaking, is the Gtnerat 
Sirtb of all Things. • 

' f The Word Phila/bphy, though literally Gneh yet i& of m 
Bebrinu Derivation ; for ^l^U fcems to be from nVB» ^o fiM' 
raitf fet apart, fe]e£l ; which is the Adl of Lo<ve in a moil emi* 
nent Degree : And xro^ios is evidently from n9^> (o oh/tmft^ ex* 
piore^view^ and contempUue T\i\ng% ; which is the proper Bail* 
nefs of a Naturalift And thas from D^S2^ came the Greek ffoip^)^ 
^r Conten\p}ative Wife Men. — Ycc notwithftanding this, fuch 
poor Pbilofophers were the Hebretus^ that their X^ai^guage affofdt 
not one Word for Naturt or Pbilo/opby, 

A 4 A. very 
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A. Very good; bat fay, what is the proper 
Subje<a of natural Philofophy ? . 
. B. Subftance or Matter, under all the va^ ^ 
rious iPorms and Figures we behold it, which 
we call natural Bodies, with all their Proper* 
ties and AiFe£tions. 

A. What is the Defign of natural Philo* 
fophy? ^ 

J5, To improve human Knowledge, to 
make us better acquainted with Nature, to 
give us a rational Scnfe of Things, by difco^ 
vering the Reafon of the various and different 
Affedlions, Qualities, and Effedts of Objefts, 
which offer themfelves to our Senfes, fo far 
as is pofiible. 

A. What are the more principal Ufes of 
Philofophy in the Affairs of human Life ? 

B. They are almoft innumerable ^ for here- 
by Mep are diftingtfifhed from Brutes, >yho 
indeed behold the various Phafes of Nature, 
but cauv tell the Reafon or Caufe of none. 
By this Art, the Pbyfician acquires the Know- 
ledge of the Virtue and Effedls of Plants and 
Herbs ; the Chymifl hereby, obtains the Me- 
thod of analyzing and diffolving Metals, Mi- 
nerals, Plants^ animal Subftances, &c. and re- 
ducing them to their firft Elements 3 the 
Apothecary hence, undcrftands the Rckfon of 
the various Compolitions of Simples for the 
making his Medicines ; and the Aftronomer 
hence, learns the Frame and Conflitution of 
the Heavens, and the Magnitude, Diflance, 
and Phafes of all the heavenly Bodies 5 the 

Hujband^ 
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The Parts and Subdmjions of Pbyfi)logy. 9 

' Hujbandman^ alfo, iQay ^now from the Rules 
of this Science}^ the moft advantageous Me- 

* thods of cultivating and manuring his Land : 
the Na^gator from hence, borrows the The- 
ory of his Art. And in fhort, there is no . 
State, Art, or Capacity, in Life, which does 
not dircftly, or indircftly, receive Advantage 
and Benefit therefrom. 



C H A P. IL 
Of the Parts and Subdhifions of 

Ph Y S lOLOG Y* 

ji. TTO W many are the Parts of this Sci- 
\^ j^ ence of natural Phyfiology ? 
B. It may properly be divided into four ge- 
neral Parts. 

A. Which are they ? 

B. Thefe following, viz. 

I. Somatology y which treateth of the com- 
mon Nature, Properties, and' Qualities 
of Mattery and its various Combinations; 
m natural Bodies. . 

II. Cofmologyy or Uranokgyy which treats of 
the Nature, Conftitution, and component 
Parts of the XJniverfe in general, and par* 
ticularly of qxxv folar Syjiem. 

III. Aerology y which treats of the Nature 
of the Atmofpherey or Region of Air^ 

' I and 
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and all the Phammena thereto belongs 
ing ^. 
IV. Geology^ vfYmh treats of the Nature, 
Make, Parts, and Produ<^ions of the Globe 
of Earth on which wc live. 

A: I fappofe each of thofe general Parts re-* 
ceive a Subdiyifion, do they not ? 
B. Yes, into feveral other Branches. 

A. What aire the Subdivifions of the firil 
general Part, Somatoiegy ? 

B. Somatology^ as it confiders the common 
and fpecial Properties of natural Bodies, is di- , 
vided with Refpedt to them in the Manner I 
fhall by and by name' to you, when we dif- 
courfe of that Part. 

A. What are the particular Branches of the 
fecond general Part ? 

•' B. Cofmokgy^ or more properly Vranology^ 
comprehends the following Branches, "viz. 

1. Heliograpby^ which treats ofihtSun. 

.2. Selenography y which treats of the Moon. 

3. Planetography^ which treats of the Pla^^ 
nets. 

4. Comefographyy which treats of the Comets. 

5. Aflrography^ which treats of the fix'd 
Stars. • ♦' 

* The Word Phanomentm being of moft frequent Ufe, 'tis 
proper the Reader ihotild be acquainted that it is derived from 
the Greek Verb ^aJvo;, to appear ; whence Ph/enomenon fignifies 
Itn /fppteranis^ and pluraUy, PharHomena; the Affearancgi of 
Things. 

A.Hovr 
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^ Paris and Sukdmjians ef Phyjiohg^. 1 1 

A. How is the third Part fobdivided ? 

B* Aerology^ I divide as foUows, ijiz^ into, 

1. Aercgraphyi which treats of the jifmo* 
^beriy or Body of Air. 

2. Anemograpky^ which treats of the Winds^ 
3* Metecrografby^ which treats of the Meters* 
4. Phantafmatograpbyy which treats of th^ 

iekjiial Appearances y or fuch Pbanomenay as 
exiil only in Vifion^ and not corporally^ 

* 

A. How do yod fubdivide the laA general 
Part? 

B. GeoJogyy is moft naturally divided into 
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die following fubordinate Branpies^ viz^ 

!• Geography y which treats of the Earth, c* 
Land. 

2. Hydrography y which treaits of Water. 

3. Pbytograpbyy which treats of Piiz«/i .and 
Vegetables. 

4. Zoographyy which treats oi Animals of 
all Kinds. 

And thus you have a concifc View of the 
feveral Parts or Subjeds of our eafdng* Cah 
hquies. 

A. Siry nothing will fo much delight me, 
as Reflections on luch Topics as thefe ; I al- 
ways love to hear People talk of the Wonders, 
of Nature, and being now diredtly engaged in 
a Convcrfation of that Kind, my Defires are 
txcited almoft beyond Expreffion. 

B. V\\ 
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B. I'll do my Endeavour to fatisfy you if 
poffiblcy and am very glad to find yoii hunger 
and thirft after ufeful Knowledge ; while others 
vainly fpend their precious and irrevocable Time 
in idle and profane Amufements^ y6ai have the 
Happipefs of fupcrior Seiife to didStatc to you 
the more noble^ manlike^ and virtuotrs Me- 
thods of improving your Time 5 which will 
yield you not only Abundance of I?elighti and 
rational Pleafure, but af^the fame Time make 
you Wife and Happy : To this End, I ftiall 
communicate to you whatever I have found in 
the Writings of the great Sages and Virtuofoes 
of the laftand prefent improving and inquifi- 
tive Age> ajj^ will endeavour to make all 
Things plaiffTBd eafy, as 1 go along, by fa- 
miliar Inftances, and plaiti demonftrative Fi- 
gures and Schemes. 

CHAP. III. 

,0/" Axioms relating /(? Physics; of 
, the Rules ^Philosophizing* 

'A. \ RE there not fame fundamental Prin^ 

jJTx ^ip^^^9 Of Axioms^ on whicli this Sci- 
ence depends ? 

B. Yes, moft certainly ; the chiefeft of which 
I {hall here lay down. 

A, What do you make the firft Axiom f 

B. Axiom I. Nothing bath no Properties. 

^/.Pleafc 
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jixioms and Rules of Pbilofopblzing. 1 3 

ji. Pleafe to exemplify this Axiom. 

B. I will 5 but firft undcrftand, that by No* 
things is meant a State of Ndn^Exifience^ or 
Not'Being ; and therefore to fay nothing is hot, 
is cold, hadi Parts, is great or fmall, &c. would 
be abfurd. 

ji. What is the fecond Axiom ? 

B. Axiom II. Sometvbat doth exift. 

A. That's fomcwhat merry. Sir 5 I believe 
No-body will deny that to be an Axiom^ in- 
deed. 

B. You may think of it as you pleafe, but 
I aflure you, I have met with thofe who havQ 
had recouric to Logicy to prove their own Ex^ 
iftence -fi 

A. Pray, let qie know your third Axiom. 

B. Axiom III. ^ere is no Medium between 
Sometbing and Notbing^ txijience and Non^ 
Exifience. 

A. This is mod: certainly true, and to fup- 
pofe the contrary were abfurd ; pray, let me 
know your fourth Axiom. 

B. Axiom YV. ^bativbicb doth exiji^ and 
is independent on any ptber created Being for 
its Exijience^ is properly tbe EJfence or Subftance 
of tbe Tbing exifiing. The Truth of this, 
though extremely evident to thofe, who have 
been ufed to a philofophical Way of Thinking, 

■f Witnefs the xxitt Enthymem of the Schools, Egoceglto, erg^ 
fiim^ i. e. I think, therefore I am, or do exift. The Sceptics, 
tis well known, were abfard enough to deny the Certainty of 



fny Thing, and confequently, of their own Exiilcnce. 
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will, perhaps, Appear more clear to you farther 

on. 

Jl. Let me hear your next Axiom. 

B* Axiom V. No SubJiancCy or EJfencey can 
ie produied out of Nothings or 'tis impoffibie' 
Nothing Jhould be made Something j. 

A. This indeed is voy true ; for if Nothing 
could be made Something, it would then have 
lb«e Property, which is contrary to your firft 
Axiom ; and coniequently abfurd^ I pray, your 
fixth Axiom. 

B, Axiom VL No Matter ^ Subfiance, or Ef- 
fence efsny Things is capable of being reduced 

M mere Nothings or annihilated. 

A. True likewife ; for if Soniething could 
t)e converted into Nothing, th^»i would No- 
thing have a Prc^crty, contr^y to Axiom I. 
Alfei, as 'tis impouible for a Thing to be, and 
not to be, in the fame Moment ; therefwe her- 

» «ween the Time of its Being, and Not-being, 
ctttie vm^ be fotaae tntermediate State of £x^ 
iftence, contrary to Axiom III. Pieafe to re»- 
late your next Axiom. 

B. Axiom Vll. Every EffeB bath fome Caufe^ 
fre^xijient to itfelf 

A. That I, and every Body clfe, muft believe 
or be ab&rd*. Pray <k!ivcr youp next Axiom. 

B. Axiom 

X This is the famous Axiom of the Philofpphers, Ex nihila 
mhil ligmi^ ; iuid is fo evident a Truth (as well as the foUaw- 
ing Axipm,) that I wonder how any Perfon can think it unfit 
to he believed, or inferted here, which is a proper Place for it ; 
fince I cannot fee that it contains any Thing unreafonahle or /r- 
jreligious, if it be granted that God cannot perform Impoflibilities. 

* For to fay, that any one Thing is the Caufe of itfelf> is to 
' fay 
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J5.. JlxiomWllh Iftve ourjshes are not the 
Caufe of any EffeSly then that Effedl muji de* 
ptnd My and refult jrom^ fome other Caufe. 

A. This is a plain Coiiiequemre ofthe fore- 
going J your next Axiom ^ if you pleafe, 

B. Axiom IX. All things ^ as far in tbem 
is, continue in the fame State in v>bfichtbey ie^ 
gan their Beings 

A. I believe I take you rights you mom 
what was at firfl made Strait ^ Crooked, Square^ 
Roundy &c. would of thcmfelves always per* 
fevere in that State^ and of their own Accord 
would never aiTume any other Figure. 

B. Very good ; that is the full Meaning of 
ikt Axiom. 

A. Pray let me hear your next. 

B. Axiom H.. Every Change is produced from 
fome external Caufe. 

A. Moft certainly; for fuppofe I fee a 
Flower in full Bloom lie withered on the 
Ground, I preiently conclude fome External 
Cauie hath made that Chaise m the Flower ; 
which elfe would have continued vivid and 
freih. 

B. That's the Caie $ I have one Axiom mor^ 
to propoi^, and that is^ 

Axiom XI. That every Change made in any 
Body, is always proportionable to the Powers of 
the Caufe producing it. Thus the Motion of a 

Body is always in Proportion to the Greatnefs 

• 1 ... 

fcy^tliat it ixijtid lefin itMexifl^ which is abfard; or eUe 
^kax itB Exiftenoe was necejfkrf^ which can only b« faid of the 
Ikitf. 

a of 
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tf the Power ^ 9r Stroke^ thai fut itfirfi info 
Motion. 

A^ And are th^re no other Maxims of this 
Science, that are necef&ry to be difcourfed of 
before W6 go farther ? 

B. Thofe already related are fufficieht for 
this Place ; but as this Saenpe depends oa 
certain Principles, fo it is likewife to be con« 
dudted by certain ftated ' IRuks. 

A. I doubt not but this Part of Knowledge, 
Vrhich (according to the Notion I have of it) 
is very abftrufe and difficult in m^ny Parts, 
muft require proper Rules and Precepts for a 
due Improvement, as well as mod other Arts. 
Pray, S/>, then, What and how many are the 
Puks of Pbilofophizing ? 

B. They are in Number few, and are a.$ 
follow, viz. 

Pule I. We muft take Care to admit no - 
more Caufes of natural Things than what are 
true, and fufficient to expl^n their Pbceno^ 
mena. 

Pule II. We mull obfervp always to aflign 
the fame Caufes for the fame natural Efieds. 

Pule IH. Thofe Qualities which cannot be^ 
increafed or diminifhed, and agree to all Bo-, 
dies in which Experiments can be made, muft 
be adjudged the Properties of aH Bodies in ge- 
neral; 

Puk IV. Proportions and Conclufions, 
Reduced from a^Aual Exp^rinients, muft be 
efteemed true and ^ccur^te, notwithftanding 
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any HypoibefeSy or received Suppb/uions^ to the 
contrary; and muft be infifled on till fome 
other Pbanomena^ cither render them more ac* 
curate, or liable to Exception. 

A. WhatistheReafonofthefirftiZi^? 

B. It is founded on this Principle : Nature 
doth nothing in vain ; but it is in vain to do 
that by many Means which may be done by 
fewer : Now Nature is iimple, and ndver lux-- 
uriates in fuperfluous Caufes of Things. There* 
fore, ®r. 

A. That's exceeding good, indeed. Pray il- 
luftrate the fecond Rule. 

B. By the fecond Rule^ we are to affiga 
the fame Caufes of Refpiration in Beafts, as 
in Men; of Heat in Water, as in Fire; of 
Light in Fire, as in the Sun ; and of the Re* 
fled:ion of Light in the Planets, as in the 
Earth, &c. ' ^ 

A. Pray give the Reafons of the third Rule. 

B. The Qualities and Properties are not 
known to us but by Experiments ; and there- 
fore whatever we find to anfwer by all "ExpecU 
ments we can try, muft be allowed a univerfal 
Property of all Bodies ; on thofe on whom we 
cannot, as Well as of tho(e on whom we can« 
make Experiments t Nature being always con^^ 
fentaneous and analogous to itfelf. 

A. Indeed the Reafon of the laft Ruk is 
(o obvious, that, I think, none can doubt 
it ; no Pcrfoa being fo perverfe and pre- 
pc^erouSy as to afHrm there is more Reaion 

B in 
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in a jiare Hypotbefisj than in FaSls of Experi^ 

B^ Yet, 'tis ftrangc, yotfjl fay, that, by this 
very Rule^ the Syftem of the Cartefian Philo^ 
fophy muft fall; that Burnefs Theory of the 
World zvidi^ Deluge y muft be valued at no 
greater Eftimation than an ingenious Romance : 
And thus muft Mr. WhiJtori%y and all other 
WprM-mof^ers Syft^ms and Theories, diflblve 
into a philofophical I^Jothing, which- want ac- 
tual and repeated Experiments to fupport 
them*. 

-f* Thefe Rules, with the Reafons of them« are taken from 
Sir Ifaac Nenvton^s Principia*. 

• ^'-'-^MBnfiiur.des Cartis^ the great Mafter and Deliverer of 
Ac Philofophers from the Tyranny ofJripoflej k to be blamed 
ior all this, for he has encouraged fo very much the Prcfump- 
tuous Pride of Philofophers, that they think they anderftand all 
the Works of Nature, and are able to give a good Account of 
ihem ; whereas neither He, nor any of tis Followers have giv- 
ih lis a right Explication' of any one Thing. — His great FauH 
was, that he made no Ufe at all of Geometry in Philofophy. 
£f4//*s Ii^trodudlion to his Examination of Dr.Sttrtiet^sfhofy 
^ the Earthy Page 1 1 , 1 2, 1 5. 

• ^ Concerning t>r Burnett 7heory\ the fame learned Gentleman 
obfenres, that—r— His Rhetorical Expreffions may eaiily capti* 
vate an incautious Reader, and make him fwallow down fos 

Truth, what I am apt to think the Author defign'd only 

ibr a Philofophical Romance. ■ ■ "My Deiign therefore is to 
chiikTe out fome of th^ principal Heads of theTheory^ andhav* 
mg (hewn' them to h^f^lfe and difagreeahU to the Lanus ofMe* 
ihanifm, the reft muft all fall to the Ground of courfd. Ibid. 
ft^Jt6, 27. 

As for Mr. Whlfion^ Theory^ he fays — — I believe it will h% 
evident by the following Confiderations, that a Comet could ne- 
^er have produced thofe various Ei^£ls which Mr. Whififi has 
•ttributed to it ; and it will alfo farther appear that the Deluge 
was the immediate Work of the Divine Power, and that no fe* 
condary Caufes, without the Interpol tion of Omnipotence, 
could have brought fach an Bffe£i to pais. J^emarks on Mr, 
*WhifiQn% Theon of the Earth. 

CHAP. 
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CHAR IV. 

Of Hypotbefes^ of Bxperimenti^ of'oa-' 
rious Inftruments for that Purpofe^ 
and their Ufes, 

A. A R E any Kinds of Mypotbefes to be 
jfj^ admitted in reafoning about natural 
Subjedls ? 

j§. The PhiIo(ophers of the prefent Age 
hold them ill vile £;fteedi, and vsrill hardly ad-» 
mit the Name in their Writings ; they think 
that which depends on bare Hypothefis and 
Conje€i:ure, unworthy the Name of Philofo- 
phyj and therefore have framed new and 
more effectual Methods for philqfophical £n^ 
quiries. 

A. And muft therefore a Philofopher in no 
wife have Recourfe to Suppofitions ? May ho 
not be adnutted to fay^ he fuppofeth a Thing 
may be fo or fo ? Or muft he immediately af*- 
fign an experimented Caufe, or clfe directly 
confefs his Ignorance? What are your Thoughts 
in this Matter ? 

B. Why I muft confefs, to difcard all Hy* 
pothefes from Phyfics^ is to reduce it within 
very narrow Limits -, and in Truth, I thiifk, 
it is falling from one Extreme to another i I 
am perfuaded that Hypolhefes duly qualified, 
if not abfolutely necei&ry, ytt may be very 

B 2 fobfcrvient 
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fubfervient to natural Philofophy j and I know 
hot what Kind of PhilofopherS wc fhall have 
in fucceeding Ages, if they will receive no 
Syftem of Philofophy, 'but what is wholly 
founded on mathematical Experiments and De-> 
monftrations *. 

Jl. What Kind of Hypothefes, and how 
qualified, do you allow may be ufed in P^//(?- 
fophy? 

B. They muft have moit or all the follow- 
ing Qualification^. 

T . They muft be agreeable to juft Reafon- 

2. They muft be neceflary for Want of 
Experience. 

3. They muft be confentaneous to Expe* 
rience* 

* 4. They muft be fufiicienl to fatisfythc 
Pbanomena. 

5. , They muft be naturally adapted to the 
Cafe.* 

6. They muft be pofSble on every Account. 

7. They muft be probable in their own 
Nature. 

8. They muft be free from all Sufpicion of 
Prejudice, Aifeftion; or Prep9fleflion, in their 
Author. 

* When the Reafoa or Caofe of Things does not appear, *rit 
ipoch more ineenioas to acknowledge our Ignorance, than to 
advance abiara and extravagant Hypothefes* or, which is much 
worfcy to have Recourfe to occult (or hidden) Caujet ofut^ua* 
Mes, the infamotts Kefoge of a vain and ignorant Race of 
Philofophers. 



Of Hypothefes^ Experiments^ &c, li 

A. I believe^ &>, few will deny yoa the 
Ufe of Hypothefes thus circumflanced and 
qualified : But prayt what Kinds of Demons 
ftrdtions are thole by Experiments, which you 
intimate they rely fo much upon ? 

B. The very beft of all Nature can produce ; 
thcy^^far exceed the kepneft Glance or the Eye 
of Reafon, and nothing but divine Revelation 
can inform us more truly of the intimate Na- 
tures of Things. 

An Very wonderful indeed ! Happy the 
Age in which this Art received Improvements 
from fuch extraordinary Inventions. Pray, 
who were the firft Authors of improving Pbi-' 
lofophy by Experiments ? 

B. Their Names are recorded in the Book 
of Fame ; have you not feen therein the gla- 
ring Charaders of Bacon^ Boyle^ Sir Ifaac 
Uewton, fFoodward, Dr. Halley, Ray^ Derbam, 
and fcveral other exalted VirtuoJb*s f Some of 
which are now living ; and others fubiift in 
^larble Monuments to gratify the Curiofity of, 
and be admired by alt Poiierity. 

A. Yes, I ha^e heard of thofe great Names 
you mentioned, bilt not being very converfant;^ 
in the learned World, know but little about 

' them ; yet, take an excefllve Pleafure in hear- 
ing^ Relations of them, and the wonderful 
Things they have difcover'd. 

B. 1 am glad to find in you fuch a Difpo* 
fition, and queftion not but you will be highly 
gratified with the Series and Sequel of our 
Difcourfc? 

B 3 A. I 
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^. I believe lihall ^ }fvA ta the Point: In 
wb^t Manner, I pr^ yeu, we thoib Enperi^ 
' ments perforn^'d ? for, as you have iccn the 
IVfanner thereof, you can well^ inform me. 

B. They who have redu«d experimental 
Philofophy to Method, and naake it their Bu* 
finefs to teach it others, pre{^rc a large -4*- 
farafus of Inftrunoents of all Kinds, to the 
Value of five or fix hundred Pounds 5 and at 
fitted Times, in a very large Room^ there is 
an Operator appointed to perform a Cburfe of 
Ji^xperiments therewith, in all the various Parts 
pf natural Philofophy, in the open View of 
all. who are pre^ntto fee and learn the Manner 
thereof. 

ji. Cannot you ^ve me fome particular Ac- 
count of thofe Infi:ruments, and the Mannei? 
of ufing them ? 

B. It is the Subje(5t of a large Volume to 
defcribe them with their Ufes in particular : 
However, of fiich as are moft common, to be 
]|^d in the eafieft Manner, and which you 
yourfelf may underfiand, and ufe if you^ 
plcafe, you may take the following Account. 
, The Telefcope is an optic Infirument, where- 
with to view difiant Objeds, which it greatly 
enlargeth, and makes them feem near us ; by 
whichMeans the Afironomers and Philofophera 
have made wonderous Difcoveries in the Sun> 
. Moon, and Planets *> 

The 

* The Word ^ehfsopi is derived from tcTuai to perfeA, aii^ 
"^Qidii to view ; as being an Inftnunent that/r/^<?j our P^ienv^ 

or 



Various Inflruments defcrilfd* ^ ^i 

Tht Mi€roJc9pey is contrived taangment and 
render vifible very iminute and fmall Obje£te} 
which othcrwifc efcape the Sight *. • 

The Heliofiope is a Sort of Tele/cope y fitted 
fo, a^ to look on the Body of the Sun with-i 
oat Offence to the Eyes -f-. 

The Barometer y or Bafofcopey^ is contrived 
to eftimale the fmall Variations of the Weight 

or Preffure of the Air J. \ 

» ■ , 

B 4 Th» 

ir Sight ^diftant Objefts to the greateft Degree poffible. fV- 
kfcopes are of two Sorts ; Dioptrical, which performs all by i?r- 
frmSim ; and Cata-dioptrical^ wHich pei'fonnb by Refli^Sttok and 
RefraSion jointly. Since the Sut*face.s of Bodies are increafed? 
in Proportion to the Squares of the Diameters or like Sides, thrf 
Light falling on them will he diminifhed'fn that Proportion » 
and confeqdently the more an CM)3e6l is Magnified, the inord 
. , <^bfcare alfo it appears : Thus if one Glafs magnifies the Brcadrl* 
or Len|;th of an Objeft ten^times more than another, it wilf 
appear indeed an i oo times l)%ger, but withal an i oo times lef^f 
bright than in the other. Therefore the mcfre a ^eUfcope ex* 
ce^s Ac Length of 5 or 6 Feet, the worfe it is for viewing 
Urrtfirial Bodies ; but for Celefiial ontes, the greateft Magnific!* 
is the beft, becaufe their Light cati't be leffen'd to any Difad- 
vantage, it being (b very grcsW 

* ijticr^fcope is compounded of Mtxp&^y fmali, and Sxotru;, 
to <vitnv ; becaufe by it fmall Ob}eds are apparently, magniiie J 
to the Sight. In this alfo, the larger the Object is made td 
appear, the more obfcure it will be : and therefore in large 
Magnifiers, *tis cetefikry to illumine the Obje£l very ftrongly, 
with the' Lidit of the Son or Candle, by means of a Lens^ or 
*efle£ting Mirrour. 

' -(• Heit^fcofe from'HXt©* the San; and X«(«r«ar to view ; it f^ 
beft made by fmoaking a Piece of Glafs with a Candle, and 
putting it before the Eye- Glafs of a Telefcope next the Eye j 
for then the Sun may be view'd in his Meridian Splendo^ 
without the lealt Offence. 

X BaroTneter is fO called of ^oi^ Weight, and ^sTp/w to 
sieafaie ; becaufe it meajitres the Heeevinefs or Weight of the Ar- 
mofphere. The conomon Barometer (called ^^Torricellian Tubf^ 
kom ita Inventor Ttrriallius an Italian,) is a Glafs Tabe.pf 

abotfl 
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The Anemofcf^e^ is an Inftrument, invented 
to f orcflicw the Change of the Air or Wind*. 

The Molipile^ is contrived to (hew the Na-^ 
tare and Force of pent up Air, rarified and 
breaking forth, refembling a Tempeft, &c. -f*. 

The 

ftboatj Feet in length, and ^^ or t% of an Inch Bore» htmie« 
tktll/ fealed jt one End, and at the other it is filled quite fait 
ef Qtiickfilver ; and thos immerfcd in a fmall VeiTel of Qiiick. 
filveTf that in the Tube will fink down, or run out into the 
V^l till SI remains in the Tube between 28 and 31 Inches 
perpendicular tieight; and thisColunui of Mercury in theTube 
fa. equal in Weight to a Column of Air of the fame Bafe» and of 
the Height of the Atmofphere, and confeque^ntly is fufpended 
by it ; which therefore, by its rifing higher or falling lower. 
Ihews the proportionally greater or lener Weight or PreiTure of 

* the Atmolphere. . Now fince the Difference of the leaft and 
ereateft perpendicular Height is in this Tube but about three 
Inches, therefore dirers Contrivances have been niade to render 
this Motion of greater Length in feme other Diredion, that 
thereby the Variation of the Air*s Weight might be rendered 
Biore lenfible, or more exaAly meafured : hence arofe divers 
Kinds of this Inllrument, as the Diagortmlt the Whul^ the Mn* 
tbtnip &c. Barometers i for a large Account ^f which, fee Har^ 
wt Leticon, or Rowning\ DilTertation on the Barometer, 

* Jnepufecpe from mn^ the Wind, and ^xovm to^view; 
becaufe by it we fee what Point or Part of the Horizon the 
Wind is upon ^ any Time. A very good Antm»fc9pt may be 
made, on the Top of the Houfe (affedied direfily by the Wind 
e^n all Sides) by means of an Iron Rod ftanding aconfiderable 
Height in the Air, with a Vane fixed on the Top td render it 
veriatile ; the lower End of which defcending, the Covering 
fiiall have a large Index or Hand, turning upon the Cieling of 
the Room, in the Center of the Comfafs duly defcrib'd thereon ; 
lor then the Mex will alwaya mw the Point to and from 
. which the Wind blows. 

t Moliftb (from *Ai>Hm\*%. the Gates oiJEdus^ the God 
of the Winds) is a fmall hollow Globe of.Brafs, l^c. with a 
finall Neck and Hole^ which being heated red hot, and thrown 
into a Veflel of Water, the Water will ro(h into the Cavity al« 
jnoft void of Air, and fill it ; the Ball then fet on the.Fire 
again, the Water wih be forced out, in vaporous Steams with 
great Noi^ and Violence, and by Ficij by the RarifaAioi^ and 

• Ofripg of the internal heatpdAir, 
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The Arepmtttr^ is ao Inilrument to meafurc 
the fpecific Gravity of Liquids %. 

TlitHygrofcope^ is an Inftrament to fliew 
the Moiftore and Drynefs of the Air *. 

The T^bermometer^ meafureth the Degrees of 
Heat and Cold in the Air f** 

The 

X Aritntitir^ I ruppofeis from «faU( rare, uA fUi^ tonoi- 
fqre $ tho* it neafares not the Rarity bat Graviiy of Liquidi. 
The oommon Anonuter^ w Water Pbifei is nade of thin Glaft* 
of the Forjn reprefented in Fiaii t . Fig, i . fronting /. 25. which 
being hollow, receives To much Mercnry at will keep it fwimming 
in an ered Poficion ; then the Stem beiB| nicely ^adnated, die 
Sorface of the Liquids, into which it is uunened, will cutoff 
more or fewer Degrees, that i$^ the Ball will fink more or left 
asthe Liqoids arefeverally of aleiTerorsreafeer Gravity. A new 
Jriomtttr is defcribed in Philof. Tranf. N. 262. which tot* 

* ^fff^ofi^t (derived of vyp«f moift, aiid vmtmim to view) 
is an ufefol Inftroment to be made feveral Ways, The eafieft 
and bed of all is that made with a String of Whip«cord faAen'd 
to a Hook in the Cieling, and at the Tower End of which is 
iaCAz^ Weight of abont \ a Poond, with an Index at the Bot- 
tom thtreera Foot long ; and under it a Table, &r» with n 
large Cirpie^livided into an 100 equal Parts or Decrees, ib fit* 
tea* that the Center of the Index hangs juft over the Cent^ of 
the Circle. For this, after the String h»i been duly ftrctched, 
nicely (hews, by its Twifting and ContraAion, dieM^arr^ and 
by untwifting and lengthening, the Dryntfs of the Air, in the 
Motion of the Index this Way and that over the fmall Divlfions 
of riie Circle. See feveral other Kinds in Horrid % Lix. Ttcb. 
under the Word Hygroj€9pi* 

f UtermomHir comet from Oiffm Warmth, and fuOpiiv to 
meaf ure ; the common Sort is the beft, which is generally added 
to the Baromtter. it confifts of a glafs Tube UTd with Spirit 
of Wine of a red Tindure; in making it, the Tube i% heated 
^ry much in the Flame of a Candle, which caufes a Focmwh 
in Ibme Degree thereini then immediately the open End is 
dipt into the faid Spirit in a Veffel, which by the Prefiure of 
the Air is made to afcend therein, till the Ball and Tnbe-part 
be fiird to a necefiary Height. Then having a Piece of Paper, 
btf. graduated from a certain Point on each Side, to 100 De- 
grees, put the Ball into Water juft beginniug to free^se^ and 
place die Surface of the Spirit in the Tube at that Time agai oft 
. . I ^ the 
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The Ilydrojiaik Balance, is an estceeding ex- 
aft fine Pair of Scales, for nlaking Experiments, 
relating tothe Gravity of Fluids J. 

Dioptric Inftrunaents of various Sorts to ex- 
plain the Nature of refrafted Rays of Light, 
through various Mediums *. 

Catoptric Inftruments are alfo manifold, 
which fhew the Nature of reflected Rays of 
Lightf. , 

The Pneumatic Engine, called the Air-^ 
Tumpy is the mofl univerfal of all others y it's. 
the very Bafis of the Philofophy of the Air, 
and hath opened a greater Door to the Secrets 
erf Nature, than any Thing that was ever in- 
vented* befides f|: 

The 

tke (o> in % gr^uated Line, and the Thermometer is adjaded 
for l)fe. This i^ an IttHrament of admirable Ufe in the Hand» 
<if a fkilfa) Perfon, in difcoveriog the Degrees of Heat and Cold 
klAir, Animal and Vegetable Bodies, Liquids, Hot-beds, (^^. 
See a^ farther Account hereof in Dr. Hmi^% Micmgraph PagPf 
38, fcf^. 

% Hydrofiktk is frofn ^^ Water, and r«I»»il the Art <rf 
Weighing. The Inllrument I make ufe of for finding the Spe* 
eilic Gravity of Solids and Fluids is diflFefent from, and mach 
Ntter than the common Hydrolhitic Ba]ance> as I fiiall (hew 
when V am arnved at that Part of Philofophy. 

* Dioptric, (of ItoVloftat to fee thro' any Thing) is a Term ap> 
l^ed to all: Optic Iniiroments which ceufift of Lenfes, one' or 
more ; as Teiefioftr^ Mierofc^peSy Magic Lantbornsy ^and jCamemt 
Qhfcuray^t. becaufc by them ^9ftfet Oiye^s tM the Medium i^f 
Glafs, r. e. by Rays refracted through the Lenfes. 

f Caf9ptrit [K»row\fov.n MirrOttr) is a Term applied to all 

Sind» ol Glafs, bfc> Mirrours, whether ptain, cpn^ex, coniavs^ 

eitcular^ eylindrica!, kc, becattfe by them we fee Obje£b bjn 

Rays of Light rejfe&td from their Sorfece^ which is call'd Rg^ 

Jkx Vtfion. ' . \ ■ ' ' 

I Pfff f/ma/rV is from im»ct;fA«, Spirit, Air, Wmd; becaufethe? 
^^fi»* /^«m/ exhauHs the^rV oat of Bodies^ placed in a proper 
Veffel> called a Reccivt^r. ^ 

4 A Dc- 
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The Orrery y which (hews the Movements 
of all the Heavenly Bodies in the Solar Syfteoi 
about the Sun (by a ndble Piece of Mecha- 
nifm) all the Phaenomena whereof are nicely 
corrcfponding to the Truth *. 

ADelcripdoa of this moft furprwiiig^ apd ofefu^En^ne, ac* 
«erding lo Mr, Hmwkfieii Improvemctit thereof, take as follows* 

The whole Stru^me of th^Air^Pumft^ in which m, m, »e 
two ilroog hollow Barrels, or Tabes of Bi^fs* m which tw9 
Embo/it or Suckers^ are moved up and down by their Rack* 
^» c» in whofe Notches a Cog»wheel fisUs, which moves npoa 
the Am /*, when the Winch i is turned ; gg g, aretwo Ptuan 
of Wood fixed on the Frame at Bottom, and having Scseu^s at 
Top on which the Nuts i, /, do run, and prefs down the 
Piece/,/, upon the Tops of the Bansls^to 6x them ^^^ 
and Bottom : h, b^ is a Swan\neckM hollow Bra& Pipc» whidf 
communicates with s^n hollow Brafs Piece*, above, and an- 
other in the Box dd be}ow ; the Piece n,tM[o opens into the 
Cavi^ of the Receiver «, «, by a finall Hole ia, the Top Plate 
I, tj on which it is placed : Alfo the Pipe in the Box, d, i^ 
communicates at each End by a fmallTube with the BarreU 
jp, g ; and thus there is a Communication between die Bar-^ 
rels and this Receiver «, o, by which M^ans, the Air im ^ 
latter is exhaufted by the Suckers of the former. Moreovei^ 
4 /» is aGagCi being a Barometer with its Bafon of Mercu- 
ry in, and its boxen Index graduated into Inches and (above 
aS) the Tenths of an Inch ; this Indej^ is fet 09 a Piece of 
Cork which floats on the Surface of the Mercury, that it majr 
rife and fall with |t,'grLdfo exa^lly meafura the Height of the 
Mercury in the Tube above the Surface of that sn the Bafonw 
For tills Bardliifter is open at Top, and communicates witb 
the Receiver, lb that the Greater or Lefler Quantity of Air 
therein is (hewn by the lefTer or greater Height of Mercury 
in the Tube. In th^ Pipe » is a Stop cock, t^ alfo comme*- 
aicates with the Receiver, and either excludes or re-admits the 
Air as Occafion requires. On the Brafs Plates k at the Top of 
the Frame are placed wet Leathers to fet the Receiver npon^ 
which effectually exclude all the external Air, while the internal 
Js exhausting by the Operator* And this is the Conftrudlion of 

the u^VPirjRg^ in common Ufe. AH which ip exemplified by the 
Copper Plate IL reprefentingan^/r.P««^, and fronting this 

Pa«. 

* See ^e Figure of the Orrery publifhed by Mr. l^hwuu 

Heatk ' 

A. Sure. 
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ji. Sure, wonderfully curious and delightful 
muft it then be^ to fee all thofe extraordinary 
Things performed by fuch nice InAruments ! 
'Ala& ! how great is the Ignorance of the Ge« 
ner&Iity of Mankind ? what wretched, unworn 
thy, and uncouth Ivotions have we conceived 
of the World, ,and Things therein ! We think 
ourfelves learned, if we know how to find 
out a Word in Bailefs Didtionary, little dream- 
ing fo much Pains, Expence, and Time, ne- 
celiary to acquire but a partial Knowledge^ 
and to be efleemed but moderately learned ! 

B. Well, But don't be difcouraged; the 
Knowledge of thefe Things will be much 
eafier and cheaper to us, than they were to our 
Forefathers ; what coft them Pounds, we may 
have for fo many Pence 5 what cpft them 
Years of Study, Fatigue and Difquietude, we 
may acquire with Eafe and Pleafure in a few, 
Days or Months ; what they rejoiced to come 
at by Piece--meals, and in an imperfedt Man- 
ner, wehave prefented, as in one entire me- 
thodical View. Wherefore if we are igno- 
rant, 'tis becaufe we are idle and indolent in«* 
deed : If we live fatisfied only with the vulgar 
erroneous Notions of fallacious Senfe, and en- 
deavour not to re6tify them by the Precepts 
of refined and learned Reafon, and the Methods 
put into our Power j in vain then, hath God 
given us Ability to be loifer than the Fowls uf 
Heaven^ and to have more Vnderftanding than 
the Bee lis which perijh. 

t H E 
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CHAP. I. 

/ 

Somatology, treating of the common 
Nature and Properties of all natu- 
ral Bodies, 

^. T T T HA T do you call Somatology ? 

VV 5- That Part of Pbyfidogy which 
treateth of Matter or Subftance in general, with 
the Nature and infeparable Properties of all 
Bodies confifting thereof. 

A. What is implied in the original of the 
Word Somatology ? 

B. The very fame Thing ; for it is cotn-f 
pofedof the two Gr^i Words, Zcafjudlaty Bo-- 

dies^ and AoV®^> ^ I^ifi^^d^ ; i, e. 4 Difcourfi 
of natural Bodies. 

A. What do you mean by Matter ? 

B. The Sub^ancey or EJfence^ of w^ich all 
Things in the Univerfe confift. 

A. Is there any Difference between what 
you call Matter and Body ? , 

B. No } excepting only, . that the latter is 
ufed often in the Plural, for the fcveral fmall 
Parts and Divifions of theconunon Subilance 
of the Univerfe ; /. e. they are called Bodies. 

A. Is the^ intimate Nature of Matter tO; be 
known ? 

B. No I 
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B. No; this is concealed from human 
Knowledge; all we can difcovcr of natural 
Bpdies, are fonie few Properties and Affec- 
tions thereof) which are more obvious to our 
Senfes. 
. ui. Is the Matter of all Bodies the fame ? 

jB. Yes; what the Philofophers call the 
primary conftituent Particles^ Atoms^ or Cor-^ 
pufcles of Matter, which conflitute Bodies of 
infioiib Kinds, are yet the fame, or of the 
fame Nature, among themfelves, in all thoie 
Bodies*. 

A. And is not this the fame Thing as to fay, 
that Fire and Watery a Flint and Dcnvriy Gold 
and Dungy &c. are the fame Things with Re- 
ipe£l to the Matter of which they confift } 

B. Yes, they are fo ; and what thence do 
you infer ? 

A. What then ; why then, I believe, you 
will have few Difciples amongft the common 
People ; and feveral will think they give it a 

* Dr. WoodwafdzXkm Matter to be originally and really 
vtry different J being at its ^r^ Creation divided into feveral 
Itauks^ SetSt or Ktni/j of Corfufcles ; that thofe of the J4ani Kind 
are every where alike and uniform ; but thofe of different Kinds^ 
difier not only in Subftance but in all the Qualities obfervable in 
Bodies compound^ of them. And that from hence artfe the 
. Differences m Cotoy, Tafte, Smell, Hardnefs, Gravitv, igc, in 
all Bodies. See ^^EAiy towards a natural HUbry of the Barth» 
Part v. p. 22(f^jiio* . This is the Dodtrine alfo of the Cvfr- 
Jianst dio* abundantly confuted by the Newtommns. See Niwt* 
Princip. p. 388. Optics, p. 31J. Muff'chenhrock''^ Elem. Phyf. 
Math. 5. 6t, 83, 383. Chiyne% PhiLTrincip. p. 59. Boyle^ 
on the Principles of natural Bodies, i^r, on the Great, p.68, 
$5 . Kg$it% Introd. ad ver. Phyf. SeA. viii. 

better 
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better Term than it defcrves, if they call fuch 
Aflertions pbilofopbical Romancing. 

B. Tis very probable, that it may be fo 5 but 
the real Nature and unchangeable Truth of 
Things, are ftill to be infiftcd on, tho' they 
are unknown to, and gain no Credit with the 
Vulgar. 

A. Is Matter ^wV^, or infinite f 

B. Finite ; and limited within certain Spaces 
and Bounds, in the Various Parts of the Uni* 
verfe*. 

A. How is Matter, or Body, commonly 
confidered ? • 

B. As having three Dimenfions,w;2r.I>;7g-/j&, 
Breadth, and Thicknefs^ 

A. Is this Confideration of Matter the moft 
philofophical ? 

B. No; 'tis too vulgar jtnd defeftive, 

AL What is a morfe^acclirate Method to ac« 
quire the beft Knowledge and Ideas of Matter^ 
or Bodies, that we are capable of ? 

B. By confidering thofe Properties and Af* 
fe^oiis thereof, which are obvious to us, and 
beft known by us. » > 

A. How are the Properties of Bodies diftin- 
gui£hed? 

B. Into thpfe which are common to all 
alike, and thofe which are peiculiar to each in 

* The Cartejtans abfarcHy place the Eflence of Matter in Ex^ 
tinfion^ bih) confeqoently mal^eit infinite, as being then the fame 
«s Space itfelf. Bat the Newlonitmt placing it in falid impem* 
trakU CorfulcUit or Jums^ m^ke it finite. See A^rw/. Princip^ 
p. 316. Cottih Pref. tliereto. Muffchenbr^ek^ Part i. Ch%ip,iV» 
Siilf% Introd. Le^. ii. Clarkii Notes on RohMtlt^ ^, zz. 

* C parti- 
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fMticittlar; The fieft are >csaUed Gomiaon and 
Ei&ntial, the ktt«r;j6pcd&; land A«sidc90tBL 

A* ^/V^)ich «re tfajs Properties of the £rft 
Sort? 

B. ThqirawgeneraUyicckooi^thefc which 

I. Extenfimt hr aU Bodies ere lafteftdod. 

II. Hit^fiiHity, fwati Bodies max be di- 
sided. 

III. SoUdity^ for the Particles of all Bodies 
ftf e hard. 

IV. Figurabitifyt for all Bodies, haivt l«»ne 
Fm^^rF^ure. 

y. Mobility^ for all Bodies; aie cafMtUe of 
iieipg i^ioved. 

^. Is tbis £^uiineration df the cdrnmon 
Properties of Bodies eveiy Way juft> and ^ual 
inali Things? 

B. N03 I do not think it is; for firft^ ifcey 
f&ay all be afiS^d of the whole fiody^ ex- 
cept SoMi/y^ which agrees oaly to the Partt^ 
cles of Bodies : Again^ other Properties mxf 
as UDivei^ally be aii^rted of Sodies as hmt of 
thefe, as Durability ; for a Body is no lefs W 
jfiniteiiy durable^ ^'Oiti Its Nature, than It is in- 
£nitely diviiibie. 

ji. Which are thofc other Properties of 
^Bodies, which you call Specifc or Ac^identMi 

B. They a» generally reckoned the fcMow^ 
ing: 
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I. Light,. 

II. Colours^ 
til* Sound, 

IV. Gravity and |>^. 

V. AttraSiiim and EJeBricitf* 
V^ Trat(^jm;y i^ Opacity* 
VIL JD<^// and 12^/%. 
Vllt. tltrdnefs and^ofthefs. 
nc. Rigidity and Flexibility »^ 
X. ihf0encevtiA ^Imdity, 
93. titi^ tsA'Oold, 

7^, mti^'ty icad Siceity, 

Xin. JE/^/«/jr. 

Xiy** Cdokrs atid Si^ours, 

^ -rf. What do you call the ^leMeats of nz^ 
toral Bodies? 

B. Thofe pure aiid fimple Subllaacesi of 
i;^Mch Ml grofi ^d mixed Bodies areiidd tQ 
coniift ; and into which they may ^oiately 
ht T^oiVed^ or reduced. 

jl. How many are ^oTe Elements ^ 
Ht llie Ancteifitis Counted feven, "uiz. tire^ 
Aity Water ^ Earth, $alt, Sulphur ^ Mercury. 
A. Ifow many do the Moderns reckon r 
J3« Some of the modern chymical I'liitofo- 
pfai(t$ reckon five, W2?» Mercufy^ ^hkgm^ SuU 
flatty Suit, and karfb. Others reduce them 
to three, n)iz. Mercury^ Sulphury and Salt^ 
Wlieitas io Resdicy tb^ are ni(T other £!e« 
liiBttt ^ ttMural Bodieis thati • ^ib pfimoge- 
mal Pafticles of Matter, or Subftance, of 

C 2 which 
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which they confift unlverfallyy and endued with 
the Properties above -mentioned^, 

CHAP. 11. 

0/" Extension, <?fK//i&« Magnitude, 
d^W Dimensions of natural Bomts* 

• - • 

A. T Remember you faid the firft of the uni« 
X verfal andeflential Properties of Matter, 
or Body, was Extetifion j pray explain what is 
meant thereby. 

B. Exterifion of Matter^ is the Quaiitity of 
Bulk^ or Size, into which the primogenial Par- 
ticles of Matter are diffaributed, or extended, 
in any natural Body. ; 

>f. What arifeth hence ? 

B. The Dodrine of Magnitude, , and Pi-? 
^nenfion of Bodies. 

A. What do you call the Magnitude of Bo* 
dies? 

B. Their Size, or Bulk, or Quantity of Spacc> 
which' they take up. 

A. How do you compute^ or eftimate tlic 
Magnitude of Bodies ? 

B. ^ the Quantity of their Dimenfiohs. 
A. What do you call the Dimenjions of JBo- 

dies? . 

% 

. * That there is but 01$ Ehmtnt 6f all Bodies, 'vtx. Subftanet^ 
or Hatiift^ b largely Jbewn by the Authors quoted in P^ge 3-2« 
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B. Thek Exten^n in Lengthy Breadtb^%nA 
Thitknifs, or Depth i and thcfe are the com- 
mon Terms/ or Bounds, which limit the Sub- , 
ftanceof all Bodies. 

ji. Have all Bodies thefe three Dimenfit)ns ? 

JS. YeSj they have ; though one, or two, 
or all of them, efcape our Scnfes ; yet, th^y 
neverthelefs exift together in all Bodies. 

^. How do fome then fay that a Point hath 
no Dimenfions ? . 

B. Th^ mean by this, a Point, or the fifial- 
left Part of. Space, which, naturally fpeaking, 
iS' Nothing, and therefore hath no Properties. 

ji. How are Bodies differenced, with Re- 
ipe6l to their Dimenfions ? 

B. They are by .Mathematicians, on that 
Account, diftributed into Points, Lines, Su-- 
perficieSy and Solids. 
• A. As how ? 

jB. They call that a Point, when all the 
three Dimenfions are fo very fmall, as to be 
altogether imperceptible, as the Speck A : A 
Line, is that which appears to have no Breadth^ 
OT Thicknefs, as BC : A Superficies, that which 
hath Length and Breadth, but no perceiveable 
Thicknefs, as ABCD : Lajily, they call that 
a Solid, which hath evidently all the three Di- 
mei^ons, as the Solid S $ 'whofe Length is AC, 
its Breadth AB, and its Thicknefs, jor Diepth, 
AE. Sec Fig. I, II, III, and IV. on Plate 
IV, fronting^. 70. 

A. How many are the Degrees of Magni^ 
tudif 

C 3 B. They 
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J^. They 9re ifffinito -, £ar a& B&df^, hdweirer 
gffcsat OF OM), caft hie given, bgt «aottvcf ih&ii^ 
tM( c^nceiv^d gr^yler or Ccoa^r than it} aa i 
Ihall detnonftrate to yovi whm v» dilcQUi^ 
^ Ae IMvi/iH^ii of Matbtx. 

vi How arQ Bodksi or Tbii^a, iiud tot be 

7^9^ s ^4 Things are gnat or finall only as 
they are compared one with aoo^ec : tWi i 
a MotWEtayi (wq or thUecMilcs high, iaia gieat 
QKM^ 404 90^ Qok f bo\re two. or mree Pcidtea 
high, i6;adniattoiie, wheatheyar^cdcufNa^ 

A* Then, I foppc^ you count it impEQ« 
per, and, itn^biMqthicatj to fay any Thie^ la 

J3. Moft certainly it is j bjecaufe the fivnoi 
Thing is either great or fnudl by C(»nparifon 
9tAf% Tins a ^^iis a ftoall Creaitaie, com- 
pared ynth the k^ft Bkpbmi } but iir iat a 
great Cveaihice^ vima. cooapared witjn % k^fi 

that oniw^ on hi» Ba^, 
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CHAP, ni- 

Of thi DivisiwLiTY of Mattery af, 
tb$ Ikbinitv thereby and of ike 
wmderfulDuc^ itiTY ofwdDiyif 
SIBILITY of f&oerat HbDrEs. 

• » ■ 

VV ^* It is that linlNrnfal Fropar^ 

of be^g (jRvided or rbchioed ikto Pait&, eiiher 

^ Hew= Ar are Bmiies capable of bemedi- 
▼idftcT? 

A. Boclf is divifible' in ir^mihmy ot wkhonf 
EneF. 

y#. This i9> » wofido'ftit Dodrinel What 
ti^itlf yeu h^y lliata vo^fitai^l Fatticle o#]!ffitt' 
ter is capabib of Ikkg cfiviited into Farts ffll 
teflbr stnd tefler , ^roiigk afi the Age^ of Eter- 
liky? 

B. Yes ; and a» wbnd^ltsl as- ilt is^ it is cay 
priMe ol nd Id& ilhsnt a pliiiA ina^e'niatieal De:^ 

A. Do you fay fb I I wifh- it may be- 9ikch 
as. I caa vmderftandj piay let me fee it hov- 

OTOT- : ' ■ 

B, i wiUj andFKenga^ dut yoa or any onQ 
Doay midleraandit; audit is thus, IetEF(i%:r« 
oaPAtfrlV. IrooHng/. 70) bea right Line, I fay, 

C 4 that 
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that Line may be divided into a Number of 
Parts, exceeding any finite Number, and it is 
thus dcmonfttatcd : • Through E and F, the 
two Extremities of the Line, let there be 
drawn the two parallel Lines AB, CD, and 
ittppofe they were infinitely ^eitended to the 
right Hand ; then 'tis evident, that in the 
Line CD, infinitely extended, there may be 
taken an infinite Number o£ ^OS|t^ a, lb, c, 
d, e, &c. Nowif to each o£thoie fbints there- 
be drawn firait Lines from^he Point A (taken 
in A B, to the left of the given Line EF) each 
of thofe Lines Aa, A1), Ac, €^c, will cut. off 
a fmall Portion of the LineEF; but becaufe 
the Points a, b, c, &c, are infinite in Number, 
fo likewife are the Lines Aa, Ab, Ac, &c. and 
Cpnfcquently the Parts, or fmall Portions, .they 
will cut off of the Line EF, will be infinite in 
Number alfo ; and thus it i$ manifeil,tha,t the 
Line EF, however fmall, ipay yet be divided 
into an infinite Number of Parts ♦. 
. vf. Indeed 'tis fb plain, that I mufi; copfefs 
and believe it : And what may we infer from 
this wonderfill Property of Matter ? 
. ]^. Firji, That the leaft Particle of ^iatter 
is capable of an inifinite Divifion ^s well as the 
greateft, 

* ♦ For 'tis Impoffiblc tliat all tKc Farts of the Line EFi or the 
laft Particle thereof tiext £,ihott)d be cot ofFyunlefs we can draw 
# Line from t)ie Point A to die Line CP which (hall at the fame 
Time coincide with A B : Bat that this is impoflibleev^ 7yro 
}n Geometry can cafily conceive and demonflrate. See this Pro- 
perty in variovs Ways demonftrated bv Dr. Keill^ in his third 
jmd foorth Le£iores in ^is Introdufiion to Natural Philofophy. 

Secmdly^ 
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SecM^^ That there is no fuch thing as in- 
finitely fmall Particles of Matter. 
' Thirdly^ That the original or pdmogmual 
Particles of Matter^ into which it may be ulti« 
ihately reduced^ are altogether paft htinuui 
Comprehenfion. 

Fourtbfy, Hence we learn what wonderoua 
Effedt^ a fmall Piece of Matter may produce 
by its Dinnjibility and DuStiUty^ 

^. What do you call the DuStiUty of Mat- 
tcf? 

B. That Diipofition of it, whereby it is ea- 
fily drawn out into Length, or Breadth. 

A. What curious and extraordinary Infiances 
have you of this Kind ? ' 

B. I think the ^Uowmg very remarkably 
viz. 

. Mr. Bcyk i^fStk a Piece of Silk, weighing 
two Grains and a half only, was drawn out 
into a Thread three hundred Yards long« 

He^faith alfo, that one Grain of Gold may 
be beat into a Leaf of fifty fquare Inches* 

If then an Inch in length be divided into 
two hundred Parts, the Eye may diftinguifli 
them all 1 wherefore in one Grain of Gold are 

200Q000 of vifible Parts. 

♦. • •• ■ . * 

An Ounce of Silver may be gilt with 
eight Grains of Gold, which afterwards may 
be drawn out into a Wire of 1300 Foot 
long. _ 

. Dr. Halley has made it appear, that 124500 
of thofe very fine Skins of Gold 4ifed in gild* 

ing 
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lAg Sarer^wire, d^ not im Tkiclpiei^ «Ke^d 
an Inch. Be&ie& firveral olkn kiiUnee^ 

^Tfaefet Tilings ar&vei^(St(imimbl« iMfofHd ; 
n^ioi <rtd)|Bir f emackablor Difg9verifi4 hl»¥t iiSN(^ 
fnn the Bbifibilil^ €if Maltei; ^ 

jB. The extraordinary Subtilk^.^CMaMc^^ 
and die Teanitjr oar Finentf* of ks P«t(^) will 
fay thefe Inl^cc3. 

Mr. Bcyk hath fbufid that one QiimAol'Cpp^ 
ptt wM tiiQ|;e 2853^. Ckam of ^9l!eV; and 
therefore in a Drop of Water, whofe Diam^lir 

2ii4oavifflbkPtz]t%d^€0{)pcf>» f^daingon-f 
ifp m too t&an incfau. 

Again, Dr. KeW hz^msMt^lf^ thirMagr 
ailiMb of a Fartick of 4^ P^iiik^, ta be 

,.v>^>^JLLcv.nokon > Parts of a Cubic Inch. 

He has Hkewifb fliewi^ fbai cm of tiu>ie 
61bbDt&s of Mood, which ciboilsiMi in- tlitf 
Veins of ^me vtrf &atSi CfettoMSs i»tk nqi 

cxceea: the. , y,yy,,,,,o<y«JL^^ P«^ o^ 

Qaq? nitxSt hs batib' alifo. demoniVra- 
cd t|)4tt 9Q^ Gsaio ' of Sand ^11* contaiti 
i25ooooooooooooooQ,ooooocwi<i<J of the a:- 
Ibcefeii'Rloci Qlpbules r ^ is 10256 Times 
m(f» ;bto iJi« higheQ Mouataiii a^(!ni Barth 
i^lj^uQ^ Grains of Sand* 

Lafi/y, He hath (hewn the leaft Particfe of 
l^^^^ttBT AeXii be made tq fill the-^eateft Space 
(filppofc: the Orfe of Safurn) (o- that there 
flian be no Pore therein whofe Diamete* 

(hall 
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(hall exceed the looooooobooooth^ &r. Part 
of an Inch *• 

^ They« wh^ wQt^d (re lood^ mQi^qD t|^Q^>fQre]ii«]>y|dSl9 
imd Sttbdlity of Bodies, may confiiit RobasUih Phyfics, Paitt. 
Chif. 9. Dr. CVir's Nfliisi dwi«M. Mr. Boyle in his Book 
of Efflwia. Dr. Halley'in the Pi&/V ^'"W- N« 194. and 
efpecially Dr. Kiiin Fifth Ledare of his Introdaaion toNa- 
^mi PMio8>fi»y% 

It may not be uaacceptable to the tt^der tt» hav# fome Idea 
of the fiirprizing SmaUnefs of Microfcopit Animalcules, from 
Calcubtion. Sappofe fuch an Animalcule be AB (See Figi, 11^, 
QfxFkie I, froo(ing/^. 45./ whpcK iA made vifible by i^e Leps C 
at the Diftancq oTBC, which fuppofe qne Tenth of anlachf 
tlen wslVfhe Angle ACB be eqaal to- one Minute, for ander 
i^hsm Ai«|p ^ OI^A will but jf^ ^ffm^ or be infibte; 

Th^ilL io the Right-an^le4 Tdangle ABC« tbeiie is ipunn 
the Side BC=P^ of an Inch, and the Angle C:^oo^ or, to 
|bd the Side AB» tha toq^ of tbe\Aaiimac«k» whidi h 
$has found, by Trigonomet^. 

' 4s Radius ■ . ■ — % xow 

To Af^B^ ■ " i|OB90i t- 9.000000 

SaiitiMTMg?:^ AC^asno^'^ Of' Cr4«37»a6 
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Hothead* — «- AB^O>oooo29 $*4637ai 
Thatis, fOfpDfetn llhch.di)vididiato»a^MiUioBof mmIHm^ 
fhis Animalcule AB will be no more than 29 of tbq^Farttt iir 
X^eagth. 

Suppefe It wei^fts wkleas ting, the whote Sofftoe thereof 
WqM 1^ o.oQppQoaQo94 » ibai 9, %(. e£ w HualiMl Thoa^ 
fitfidc M WiAn of aqual.Pan» qf ^ Inch Sqapic 

i;^^, Snppofe it of a Cvbk Figure^ it witt men be but 

0.000000000000024,/. i. , eoflga(^^.gooa«vtf> «' »4. «f • 
«k^^Jhattia^ ^ JitUlhaft o^ e^aal i^mof a Cubic Indi. 

lit then the AimakulA itfrll, t^ o( t^fk ao inp^nni^U 
and 4ji|pendions Ssnallnefi, how finaU mnft the fineft Particlea 
•^ ilio*I4«ide btn^ieh flow die** the^ AmI^ VdM» 1^ ity of* 
ganized Body f This donbtlefs exceeds all Calq4aiiQ%t wk 
th$ Force of loiagiination icfelf. 



CHAP. 



\ 



I 



I 44 ] 

CHAP. IV. . 

Of (be SoliditV and Figurability 

^Bodies. 

t 

^. T T T H AT is that common Property 
VV of Matter, or Body, which, you 
call Solidity f 

B. Solidity is that Property, whereby a 
Body refifteth all others that prefs it on every 
Side, and whereby it hinders all other Bodies 
from entering into that Place which it poilef- 
ieth, thpugfa they are forced againft it ever io 
violentlj^ 

A. TThen fuppofe I prefs a Body ever fo for- 
cibly between my Hands, that Property which 
prevents my Hands from coming to a mutual 
C^ontaA, you call Solidity^ if I underftand 
you right. 

B. Yes, I do fo ; and this Property is the 
Ground or Caiiie of all Refinance in Bodies. 

^* Is not this a new Term for this Pro- 
perty? 

B. Yes, it hath been £xmerly called h^^' 
netrability ; that is, whereby two Bodies can- 
not penetrate each other, or be in the fame Place 
at once ♦. 

* Some have compounded thefe two Terms* and called this 
Property of Matter ImftnetrabUSoMty ; and which does cer- 
tainly better exprefs it than either of the Words fingly. 

A. And 
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jt. And is this Property of Matter the fame 
in liquid or fluid Bodies, as it is in hard or 
fix'dones? 

B. The very fame j for a Drop of Water, 
or a Particle k>{ Air, remaining fix'd between 
any two Bodies, will no lefs hinder their Con- 
fab, than an equsi Quantity of Steel or Dia;- 
mond would do. 

ji. Pray what is that you call Figurability 
of Body or Matter ? 

B. That uni?erfal Difpofition thereof, where- 
by it is neceflitated to appear in, or put on feme 
Sort of Shape or Figure^ or other. 

A. Wherein doth the Sbi^e, or Figure of 
Matter confift ? 

J5. In the Manner, or Mode, or Fafhion, 
of its Extremities, or external Superficies, with- 
in which it is contained. 

ji. Is it not the fame with what is called 
^t Form or Modification of Matter ? 

B. Ye^; and fince the Forms of Matter are 
only the Shape, or Fashion, of its terminating 
-Extrenuties, we muft exclude fuijiantial Forms, 

as the contradictious Nonfenfe and Jargon of 
the Schools *. 

A. Doth this Property of Matter you now 
difcourfe of, equally relate to the original 

* The Do£triae of Suhftantial Forms is doubly abfurd^ becaufe 
\XXtMf}l^i^zxFormisitfelfaSuhftanct9 and yet incorporeal; 
and of itfelf incapable of Quantity, Dimenfion, and Divifioa. 
They are certainly poor Ontologifis as well as Pbihfofkers, who 
talk at this Rate. Let thofe who would fee a great deal to little 
Parpofe faid on this Head, read Siftnntut's Epitome of Natural 
Science, lai, u Cap, }• ^ 

, ^ , - * primogemal 
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jpdmqgemal iWticles of Matter^ m well as 
to ihc |ro0er Compofitioo thereof in hfttural 
Bodies? 

B. Yes ; but in thefe ioconcetvafele BEtrti- 
cles of Matter^ ^the Forms, oo doubt, are fxMioh 
more jSmple, r^lar> and ^^eteroiibat^, than m 
thoie heterogenepus CocD|fDiitioM which We are 
acquainted withal, 

C H A p. V. 

0/* Mobility 4>f Matter ^ €ind the N't^ 
turt o/MoTion tmd Rest* 

A. Ty^ A Y t^hat is meant by the Matilitf 

X^ of Matter? 

B' It is that effential Property, wheteby any 
fttrt of Matter is capable of Morion^ or being 
moved. 

A. What is Matim f 

B. A conttnual and fucttffive Change of 
JHace. 

^.WhatfslJ^? 

B. The Continuance of a Body iAlhe fame 
Place, for any Time. 

A. What lis the Crfd/^tof Motion? 

B. An external Force or Power applied to 
axy Body 5 which bekig (klperior to its Rciift^ 
ance, impelleth ordriveth it out of its flace *• 

A.ViQV9 

« Motioigi may be tonfidered, ( i . ) ^ ^M^bfi^ or at kaft 
fo far as to be afiefted with nothing butiheRefiftancc of the 

Medium 



I 

JS. Into tdfjbbtte and relative, 
A, What is tt^/«/e Jl^^ f 
R, The «eal |S4i0$Qn «f « ^ady, ;^&am <oftf 
JPart^Abfolote-Sfwce to Aa(«h(r» 

49 fbrae <>thQr Thiags ^t Rqft ; <A>Mi flti£)lttte 

^, Thm. # jPcfiea miay rMffily be ^t Reft, 
who yet is really and truly In abfoli^te Md- 

./i. Ploafe to ei^^o^tifytlusMal^^ 
: ^ ImiJAi Sug/poCs a P^cti 4imd .'m a 
Ship, lie appesu^th to all within the Ship to 

Ijcwilefti Ihoush at "die toe Time he is 
^iovfid with ^ iime Motion* WiUi the £amc 
§wM^«^, juai 9ccopding to the fame Coud^ 
as the ^ip. itfelf ls» with K^ard to abfobte 

ji. What are the -g^erial Affeflions of Mo- 
lion ? 

B. They are ihofe three, «r/£;. 



1 . The ClfsfenVjr -or f^eUeity of AMe/?. 
a. Thc%aw6'/^,of JkfirfM«. 
■ 3. The Dm&ieHKii Mtftm. 

Mefiimthro' wMck tl» mtii^gbo<fy paft*. (i j As iUftrn^«y 
*M wtdtt T^XfiKt, Irtiisii the monttg Body is obliged tb ihbv* 
.*p»nw aboBt ^ fixed f(dnt, whieih is caHed ^tXknUf of; Motion. 
. Tfcw fappolt the Lhie AB be moved on the Center C into any 
^tfther INDfition as ab t the Paltfi C is faid to b6 the Center <^ 
di«tMotv>ii. See Fig. Ill, on fitf* I, fronting p. 25, 

'^. What 
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A. What do you mean by the Celerity o( 
Motion? 

B. It is that whereby a Body pafleth over a 
given Space^ in a given Time : So that if in one 
Minute a Body A pafleth over the Space a b^ 
and another Body B pafleth over the Space c d^ 
in the fame Time; then 'the Celerity or Swift^ 
nefs of the Body A will be to the Oiferity of the 
Body B,' as the Line a b is to the Line c d. See 
Fig. VL *. on Plate IV, fronting p. 70. 

A. How do you compute the ^antity of 
Motion ? - . 

B. By compounding the Proportion of the 
Quantity of Matter, and the Velocity of Mo- 
tion : Thus, if the Body A hath two Parts of 

* That 18, the Celeritiea are to each other as' the Spaces paffed 
thro* by the movine Bodies. And thus, yvhile A B is moving 
into the Situation «7»the Point B wiil defcfibe the circular Arch 
B b, in the Tame Time that A defcribes the Arch A a ; and coo^ 
feqttcntly the Celerity of the Motion of the Point B will be to 
that of the Point A, as the Length of theArch B b is to the Length 
of the ATch A a, as being the Spaces paiTed thro' in the fame 
Time ; and this is the Foundation of sJl Mtcbania^ or the Sd* 
ence of Motion. 

Now the Arch B b is to the ArchAaas CbistoCa; for 
they are the RaJii by which thofe Arches are defcribei From 
b and a let fall the perpendiculars b£ and aD on the Line A9; 
tiien in the fimilar T^angles aCD and bCE, we have bC to 
aC as CE to CD; and therefore the Arch bB is to the Arch 
a A as CE is to CD; confequendy, if any heavy Body were 
placed on the Point B, and another oii th^ Point A, fince all 
heavy Bodies^ at Liberty, tend to the Earth in perpendicular Dt« 
leftiottSy while the Line A B is raifed to the Situation a b^ the 
Weights would, according to their proper DireAion» or Propen* 
Son, be moved thro^ the Spaces b£ and aD onlv j and fo their 
Velocities, or the Spaces they pafs thro* round tne Point C will 
always be proportional to the leaft Diftances CE and CD^ of 
.their proper Dire^on? bE and aD, from the (kid Center of 
Motion C« 

Matter^ 
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Matter, and fix Degrees of Velocity, the Mo- 
tion of that Body will be twelve. See Fig. 
VIL J, on Tlate IV, fronting p. 70. 

A. 'Then by this Means I perceive you have 
an eafy Method of comparing the Quantity of 
Motion in any two or more Bodies. 

B. Yes, very truly : For, fuppofe the Body 
A hath two Parts of Matter, and fix Degrees 

li of Velocity ; and the Body B hath four Parts 

of Matter, and ten Degrees of Velocity; then 
the Quantity of Motion in A, pafling from a 
to b, will be to the Quantity of Motion in B, 
pafling the Space cd, as twelve to forty. Sec 
Fig. VII, on Plate IV, fronting p. 70. 

A. Why then I find, that if the Quantity 
of Matter in any two Bodies be equal, and 
their Velocities unequal, and the . contrary, 
their Quantity of Motion will likewife be un- 
equal. 

J5. It will be fo 5 for the Quantity of Md- 
tion in two Bodies will never be equal, if 
their Matter or Velocity differs, unlefs in this 
one Cafe, when the Quantities of Matter arid 
Velocity are in reciprocal Proportion to each 
other : As thus, 4 : 2 : ; 6 : 3, Wherefore the 
Motion of B, with three Degrees of Velocity, 

J What I here call the ^uantitf of Motion j Mechanical 
Philofophers call the Momentum or Force of Motion ; by which 
they mean all the Power that can be given to any Body» by 
Means of any Machine in Regard of the Grawiy or Felodty 
thereof; from which two Principles^ either /«^^ oi compoumkdt 
all the Force or Power of Bodies is derived. 



/ * 
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i^ equal to the Motion of A, with fix Degrees 
thereof. §ee Fig. VII, * on Plate IV, fronts 
ing p. 70. A^ What 

• From hence the Theory or Reafin of the Ufc and Advan- 
l|gc Qf f V^ry Mgcbanical Potver or Maehim^ it evident. 

I. The LEVER, Fig. IV. of P/atel. fronting/, 25, 

Let DE reprefent a Le^er^ moveat4e on the FiJcr4im C ; 
let P a Weight of 2 Pounds hang freely from the Point £, and 
W a Weight of 8 Pounds be placed on the Point D : Now if 
the ipever be moved^ the Diftance CB will reprf fent the Ce- 
lerity of the Bpdy P, ^n4 C© that of th^ Body W. by Note 
i*)» i^ P*g^ 4<^- Let CD be 3, and CE be 1 2 ? Then fince 
t i^ P : W :; CD : CE, i. r. 2 : S :: 5 : 12, 'ti» evident the 
Power P (2) with its Celerity CE (12), will be equivalent to 
the Wdght W (8) and its Celerity <?!> (3) for the Bodies 
Py W, being in^ a reciprocal Proportion to their Celerities^ the 
Proda£ls of their (jravitte^ into their ii^fpe^ive Celerities (or 
neareft Diftances from the Center C) being %x^U ('VtK. 249^ 
on each fide, make the Force on each fide equal ; and cpnle- 
quently the Lcvcf DK will 90t be moved, but remain in E^id- 
bbrio^ 

Therefore if an Hstnd be applied to the Point E, ai\d prefs 
«on the Lever, with a Force any thing great&r than that of 
t Pounds, It will raife the Weight W of f Pounds, placed as 
herefuppofed. 

Now tho' there be Levers of feveral Sorts, what is here Gad 
is eqqaUy appikaUe to them ail. 

II. The BALANCE, Fig, V.of ?Ute I. fronting/, ay^ 

The Balance 19 aMachiof for trying the Squalitypf Weighs 
Let P£ be the Beam pf a Balance, fufpended and moveable 
on the Point C, who& Arms (or Bracbia) CD and CE, are 
equal, as in a juft Balance they (hould be ; and A and B be 
two Scales hanging from the Points D and E : Now if any 
Standard Weight W be put in the Scale A, and any Thinj^, 
fuppofe P, a Cheefe, be put in the other Scale B» and the 
Scales remain in Equilihrio. then is the Body P of the fame 
Weight as W > becaufe the Pittances from the Center C, (*viz. 
CD and QE) are equal. 

Therefore if the Scale A rife or defcend, fo much mud be 
t^ksfffrom^ Qtaddtdto (he Body P, as Will reduce the Scales to 

aa 
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A. What do you call the DirtSion of Mo- 
tion ? 

an Equilibration ; as is always done In hufing zaA filling by , 

Weight. ' 

III. The PULLEY, ¥ig. VI. of flatt L fronting/, ty. . 

The Pulley is a Machine for raifing Weights to a great 
Height. 

Let DEGF be a TaM of Pullics, in which D and E art 
Sxcd, and G, F, move or rife and defcend with the Weight W. 
Let any Power be applied to the Rope at P to raife the Weight 
W ; now tis plain that if the Weight W be raifed one foot, 
the Pnlliet F and G will each of them be raifed one Poot, con^ 
fequently the two Ropes R, S, belonging to F, and the other 
two T, V, belonging to G, will each be fliortened oneFoot> 
therefore four Feet will be loft in the four Ropes, R, S^ T, V, 
all which will be gainj^d by the Power P, or it will defcefld four 
Feet, while the Weight W rifes one ; and therefore the Velo- 
city of the Power heihz foar times greater than that of the 
Weight, the Weight will be four times greater than the Power 
that at P will fuftain it. 

And in all Tackles of this Kind, the Power is to the Weight 
it fuftains as One or Unity to the Number of Ropes api^ied to 
the lower Pallies. 

IV. The WHEEL and AXIS, Fig.YIl. of P/atit fronting 

Let ACB be a^ Wheel, in which is fixed the Axis X ; now 
'tis eafy to conceive that if any Power P be applied to the Cir- 
comference of the Wheel, in order to fuftain a Weight W hang- 
ing from the Axis X, the Power P ihall be to the Weight 
W, as the Circumference of the Axis to the Circumference <3^ 
the Wheel. For while the Wheel turns once round, the Power 
P defcends through a Space equal to the Circomference there^ 
of, and the Weight in the fame time is raifed thro^ another 
Space equal to the Circumference of the Axis i butfheQ/f* 
rities are as the Spaces pa£fed thro*, and therefore as the Cir« 
cnmfa'ences ; whence the Proposition is evident. 

fiat fince the Circomferences of Circles are as their Diame- 
ters 5 the Power P will be to the Weight W, as the Diameter 
of the Axis X, to the Diameter of the Wheel AB, lor (if 
Spokes be added) to the Diftance of the Extremitie» of any 
two oppofitc 8pokes,*as D, E. 

D 2 V. The 
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jB. It is a right Line, fuppofed to be drawn 
towards the Place where the moving Body 
^ tends : 

/ 

V. The SCREW, //i- VIII, on ?A2/^ I, fronting/. 25, 

The Scre<w is nfcd for Prejfun^ and fomc Times for raifing 
Weights. 

Let AB be the Male Screw, D£ the Nut or Femi^le Screw» ^ 
which is forced round by a Power applied to the Lever P, 
which is fixed thereinto. Now, 'tis evident, that when the Le- 
ver P ib turned once round, the Nut will be raifed thro' a Space A 
«qual to the perpendicular Diftance between two contiguous / 
Threads of the Screw ; wherefore the Powutr will be to the 
Force of this Machine, as the Diflance between two Threads of 
the Screw is tq the Spiral Circumference pa/Ted thro' by the 
Power. 

« 

. VL The WEDGE, Fig. IX, on Z'/^// 1, fronting/. 25. 

Let ABD be the triangular Face of the Wedge, and fuppofe 
it were driven into a Piece of Wood quite to the Top AB ; 'tis 
plain the Wedge will have paflett thro' the perpendicular Space 
CD while the Wood hath pafled thro' the horizontal Space CB 
or CA on each Side.. And therefore ^tis inferr'd, that the P^ov/r 
h to the Refijkince to be Overcome on each fide the Wedge, as 
the Thicknefs of half the Wedge CB to its Height CD But 
there 4Lre various Proportions- dated by different Authors con- 
cerning this Matter, as appears from the Authors quoted in^ 
JohnforCi i^.-eftiones Phihf. page 69, 70. And they who would 
fee them all well accounted for, may confult Ronvning\ Comf. 
S^emof PhiloJ. Part I. Chap. lo. Page 72, 73. . 

Thefe, with the Inclined Plane^ are all the Simple Mechani- 
cal Powers, of which all others, how complicated foever, do 
.confiH. 

Hence the greateft Artifice in Mechanics is to contrive the 
Machine, fo chat the Power may have the greateft Degree ofVe- 
locity, and the Weight to be raifed the lealt Degree pofiible. 

From hence alfo it is plain, that what is gained in Power is 
Joft in Time $ and that, fince ther Force of the Power aiKes 
from the Produdl of the Celerity into the Quantity of Matter ; 
tho' the Quantity of Matter be infinitely diminifhed, yet it 
ihall eifed as much as before, by means of a greater Celerity. 
Suppofe a Man can prefs with the Force of 200 Pounds, and 
that the Wcight'ofthe Earth be 39978470c 1 18074464789750 i 
now imagine the Earth placed at one End of a Lever, at (he 
DUlance of 6000 Miles from the Prop or Center of Motion ;. 

then 
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tends : As ab is the Direftion of the Body A, 
in Fig. VI. of Plate IV. fronting^. 70. . 

A. What other Divifions of Motions da 
you make ? 

B. According to the Force impreffed on 
Bodies, their Motion is either Jimple or com-- 
pound. 

A. Pray, Siryyrh2X\^fimple Motion? 

B. When ^nly one Force or Power afts on 
any Body, tiie Motion produced thereby is 
fimple, and according to the Direftion of tKc 
impreiTed F orce. 

A. And, next, pleafe to explain compound 
Motion, 

B. This is produced when two or more 
Forces ad on any Body in different Direcftions :' 
Thus, fuppofe a Power H adts on the Body 
A, with eight Degrees of Force, in the Di- 
rection AB ; and another Power I afts on it, 
with fix Degrees of Force, in the l!)irfedioa 
AC ; I fay, the Motion of A is not fimply in 
either of the Direftions AB or AC, but in a, 
Direftion compounded of both, viz. AD, and 
that with ten Degrees of Force, and arrives 
to D in the fame Time as it would have ar- 

then muft the Perfon or Power be applied at the Diftanbe of 
11993^41003^42233943692500 Miles to faftain it. If the 
Earth be raifed but one Mile, the Power mult mov^e through 
the Space of 1998923500590322323948 | Miles. The 
Diilance of Saturn from the Sun (equal to its mean Diftance 
from the Earth) fuppofe 770310000 Miles, by which divide 
the Number 11993541003542233943692^00, the Quotient is 
1 556974595 103573 1 which is fo many times Saturn 'sDiftance 
from the Earth, that the Perfon mult be placed from tho 
Fulcrum to fuftain the E^th. 

D 3 rived 
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rived to B or C with thofc Forces fingly. See 
JFig. VIII. t of Plate IV. fronting p. 70. 

CHAP. 

< 

f For fince the Body A ij urged by a Force reprefcnted by 
the Line ABs:^, aind by anothcr'reprefented by AC=:i;6, the 
Line AC may be conceived to move parallelly along the Line 
AB, while the Line AB» in like mannery and in the uime time» 
moves thro the Line AC ; and the Body A being necelTarily 
found in both thcfe Lines, it mud be in that Po^nt where they a 

interk€t each other ; therefore drawing 6D parallel to AC, and | 

CD parallel to AB : thefe Lines BD and CD will be the Di- 
redlions of the Forces for the given Time, and confequently 
the Point of their Interfedion D, will be that in which tke 
Body A will be then kwnd ; and the Line AD, the Path de« 
fcribed by the Body A, or the Point D, in die feveral Mo- 
ments of that Time. 

2. Hence it is eafy to conceive kow any given ^«^ir Motion, 
as AD» may be reCblved into two other fimple Motions Afi and 
AC> whofe joint Efficacy is equivalent to that of AD ; and 
hence any Modon may be conndered as Simple or Comp9imd^ os 
which Principle the iSo&'ine of the Qmpofitim aild ReJ^iutim 
of Motion^ or FarceSf depends. 

3. LetFG %. X, ofP/«/^ I. fronting/. 25.) betheSeaion 
of aPIanei, on which a Body impiages in the Oblique Direc- 
tion AD ; then is the Force with which it firikes the Plane in D 
reprefcnted by AD, which is refolvable into the two Forces AC' 
and CD, of which AC being parallel to the Plane ¥G docs not 
afiis^ it in the leaft^ ; but CD being perpendicular thereto^ ex* 
prefles all the Force with which the Body A ftrikes th^' Plane 
m the Direction AD. But CD is equal to AB, which is the Sine 
ef the Angle olObliqait^ ADB^ and had the Body A impinged 
perpendicularly on the Point D, its Force had been expreiTed by 
ED ; but ED is equal to AD : Thercfoie the Force.of a direa 
Stroke is to that of an oblique one as AD to AB ; that is, aa 
Kadhis to the Sine of the Angle, of the Obliquity, or Incidence 

4. Suppofe A to be a Particle of Water, Atr, (s^'^.thdniiact 
all Surfaces are as the Squaxes^of their like Sides, 'tis evident 

.that feveral Quintities of Plater, Wind, &c. which fall in various 
(Clique D irei^ions on the of a.Wheel,t the Rtuider of a Sbif^ 

fS^Saih of a Millet Shif^ &c. will have their feveral Foccea aji 
the. Squares of the Sines of ih»r fenjird Angks of Incidence ; and 
therefore are eadly computable. See Harrii% Leu* Teck luader 
the Word Sail. Motte\ Mechanical Powers. 

S. On 
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Of Light. 

B. T T Aving thus take^n a brief Survey of 
I j[ the moft general and^ eflential Pro- 
pcrtiQs of Matter, let us now proceed to thofe 
which are more particular, called the fpecific 
or accidental Qualities of Bodies. 

j4. Why ai;e they tailed jpecijk or acciden^ 
tal? . 

B. They are called j^a/JJf, becaule thereby 
the feveral Kinds of Bodies have their Divi- 
£on into various Species, and are what they 
are, being thus differenced from one another : 
Thus, Fire by Heaty Glafs by Tranfpareficy^ 
Liquors^ by Fluidity^ Solids by their Fixity^ 
&c. are different from each other ; and are ac* 
counted particular Species of Matter. 

$ . On this Principle may we calculate t&e Ratio of the Power 
Hud Weight fuflainiDg each other in SqMhrio on aft ihclinei 
Piane. Let the Plane be AF (Fig, XL of Plati I. fromitig/. , 
25.) on which the Weight W is faftain'd by the Power P, the 
Angle of Inclination is AFG. The Weight toncheth the Plane 
in the Point B thro' the Center £, perpendicular to the Plane, 
draw BD ; a^d perpendicular to the Horizon FG draw fiC, pa^ 
rallel to which draw DH ; then will BD exprefs theForce where^ 
by the Weight gravitates on the Platte, DH the Force whereby 
it gravitates towards the Earth, and BH the Force whereby it 
!• attraaed by the Power P» as being parallel to A£. But BH 
is to HD (as CD is to BD) a$ AG is to AF ; that is, the Power 
P is to the Weigfhc W as the Height of the Plane AG is to 
the Length AF \ ot, sis the Sine of the Inclination to Radius. 

D 4 >^.But 
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:^. But you do not fay why they are termed . 
accidental ? 

B. I was juft going to tell you ; they arc 
thus called, becaufe they are not ejfential to 
Matter, but happen to Part thereof per Acci- 
densy or by Accident; .for 'tis purely fo, th^t 
one Part of Matter is difpofedto be hot^ ano- 
ther coldy another dry^ another lights another 
of this Colour y and another of that *. 

ji. -Which of thofe Qualities will you be- 
gin withal ? . 

jB. Light; this being the moft confider- 
able and wonderful of all others j and by which 
all Things arc made vifible and known. 

A. Pray what do you call Light ? 

B. That Quality of certain Bodies, whereby 
they become vifible to us, and render others 
fo. 

A. What is the true Caufe of Light in thofe 
Bodies ? 

B. No Man can certainly tell ; however, 
fonie affitm it to confift in the extreme vibrat- 
ing Motions of the Parts of thofe luminous 
Bodies ? 

A. By 

♦ What is here faid is in Regard only of the Particlcs'of Mat- 
ter in themfelvej confidered ; for no doubt the all*wife Creator 
had ferfea Defigns and Ends in View, in his Choice and Diftri- 
bution of the ^alities of natural Bodies ; and which we muft 
therefore look upon as a great Bafis of the Doctrine of fimd 
Caufes, 

•f Jriftotle defines Light to be lw^/s»« t5 Jta^aw?, the inter- 
nal Action or Energy of pellucid Bodies. This favours too much 
of anilypothcfis. 

Dis Carte f^ and his Followers, diftinguifii two Kinds of Light; 
(1 .} FrimJgenial i which, they fay, coniifii in a certain Motion of 

tbi 
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An By what Means doth Light come to af- 
fedt our Eyes ? 

B. *Th fuppofed this is owing to a very fine 
aetherial Matter, vaftly rarer and finer than Airj 
which is the Medium by which the Rays of 
thofe luminous Particles are tranfmitted or pro- 
pagated to our Eyes, and illuminate them with 
xhtw Light. 

A. You then fuppofe, I find, that what we 
call Rays of Light are real Bodies, or Particles 
of Matter, endued with the Quality of Lights 
and not the Quality itfelf J, • 

B. You hit it 5 I do indeed not only fuppofe 
it, but am fure of it. 

A. Are you indeed ! then I am fure not on- 
ly myfelf, but Thoufands more, have been long 

ihi P articles Jif a kcid Bodyy which agitate and propel the fub* 
tile Matter in its Pores every Way, and in all Dired^ions. 
(2) Secondary or deri'vatinje Light ; which confifts in an Endea* 
*vour to Motion f or an Inclination of that Juhtile Matter to recede 
from the Center of a lucid Bodf in firait Lines, Such arc the oil* 
rious Fi6lions of thefe hypothetical Philofophers. 

The Nenjutonians very juftly make Primigenia/ Li^t to con- 
fid in a certain Motion of the Particles of luminous Bodiej^ tjuhicb 
force out and off the faid Bodies certain exceeding and inconcei^f* 
ably JmaH Particles^ 'which, ivith incredible Force, are e*very ff^ay 
emitted in frait Lines : And Deriwati've Light to confill not in an 
Endeavour to Motion, bat in a real Motion of thofe Particles emit- 
ted from Bodies, as aforefkid. See Ctarke^ Notes on Bohault\ 
Phyficsy Pan I. Chap, xxvii. iVf(u;/Mi's Optics. Boerhaaws Chy- 
roiilry with Shame's Notes, Page 220, &>. Boyle's Experiments 
to make Fire and Flame ponderable. Harrises Lexicon under 
the Word Light. Haukfieii Experiments, and thofe of Defa* 
guliersy Gra^efande, &c. perham\ Phyfico-Theology, fcfr. 

J Sir Ifaac Newton computes the Force of Attradion in the 
fmall Particles of the Rays of Light to be 1 000000000000000 
times greater than the Gravity of Bodies on the Surface of the 
Earth, according to the Quantity of Matter which is in them. 

3 miftaken, 



58 Ty&e^ Phi Lo SOPH I qAL Grammar. 

miflaken. Pray is not the Sun the Fountain 
of Light originally ? 

JB. No: He is only the greateft Body that 
emits Light in our planetary Syflem : Light it- 
fqlf beitig a Quality innate to thofe Bodies whibh 
emit it naturally, 

j4. But why do you fay naturally ? 

B. Becaufe £^/^)^ or dark Bodies, when heated 
beyond a certain Degree, will emit Light j and 
all Bodies, efpecially fulphureous ones, having 
their Parts fufficietatly agitated, do fhine or e-* 
mit Lighi : Whether this be by PercufSon, as 
^ickfiher^ when fhaken in Vacuo ; or by At- 
trition, as a Cafs Back, or Horfe^ Body, Gf^. 
rubbed in the Dark 5 or by' Putrefaction, as 
happens in Woody Fkjh^ &c. when putrefied ; 
or by any other Way. 

A. Is the Motion of Light inftantaneous or 
fucceffive ? 

Bu It being found (by Obfervation) that 
Light !s fucceffive, or propagated in Time, hath 
at length ended this long and difficult Contro- 
verfy. 

A. By what Kind of Obferyations is this 
difcovered ? . 

B. Aftronomical Obfervations 5 the Princi- 
pal of which is, that of the EcUpfes of the 
Satellites of "Jupiter 5 for thofe EclipJeSj when 
the Earth is between the Sun and Jupitery hap-^ 
pen feven or eight Minutes too foon 5 and 
when the Earth Is beyond the Sun^ they hap* 
pen as much later than they fhould by the 
Tables I the Reafon of which i^, ^^t Light 

hath 
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hath farther to go in the latter Cafe than in the 
former, by the Diameter of the Earth's annu- 
al Qrhit *• 

ji. Why, if this be the Cafe, you may 
nearly compute the Motion of Light; can you 
not 

B. Yes,eafily; for fince the Diftance of the 
Sun from the Earth is known to be about 8 1 
Millions of Miles, if that 'Number, viz. 
8 1 ooooco^ be divided by 450, the Seconds in 
7 i Minutes, the Quotient will be 1 80000 
Miles J and fo far doth Light fly every Second 
of Time. 

^. Pray make this incredible Swiftnefs of 
Light a little more intelligible by Exanbple. 

B. I will ; Tis found that a Bullet, at hk 
firft Difcbarge from the Muzzle of a Cannon, 
flies one Mile in a little above 8 i Seconds^ and 
therefore would be 3 2 4^ Years in arriving to 
the Sun ; hence the Proportion of Swiftnefs in, 
a Cenmn-^Ball zi^A Light y is as i.to 1530000 
nearly; that is, Light flies one million five 

• To illuftrate this important Difcovery, let ADEB bfe the 
Earth's Aimoal Orb {Fig. XII. of Plate, I. ftonting^/. %^,) C 
the Snn ; I the Planet Jufiter in his Orb HK> and S a Satellite 
jdl entering his Shadavr. Let D and E be two Sitt»ations of >. 
the Eaftk in its Orb, wKofe Difbnce D£ is equal to the Semi- 
diametei of dike Orb AC. Now 'tis plain that if the Motion of 
Light were infiantantous^ the Satellite $ would appear to enter 
the Shadow at the fame Moment to a Spefhitor in £, as to an- 
otherin Di but»by raany^ Years Obfervatioas, it has been found 
that the Immerfion of the Satellite into the Shadow is feen at D 
about '^~ Nfoiites iboser than at £» which is S icooooo Miles 
iBOce diftanc $ and confequeatly, as Mr. Komer ^r9i obferved, 
^e Modoa of Light is thereby ^oved to be pragr^ve, and 
not inftantaneous, as was formerly believed, 

hundred 
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hundred and thirty thoufand Times fefter than 
a Bullet at his firft Difcharge -f-. 

A. Wonderful are the Works of God ! Not . 
only paft finding out, but paft Belief, when 
but imperfeftly known! But, pray,- what* 
other Properties of Light are difcovered ? 

B. 'Ligbi is not only fpund to be a Body, 
but it is alfo found to confift of Rays tinctured 
with alLthe original Colours in Nature. 

A. In what Order are the. Rays oi Light 
found to be coloured ? 

jB. According to the different Degrees of 
Refrangibility in the Rays : From Rays lefs re-) 
frangible to tbofe that are moft fo, the Colours 
appear . in this Order, viz. Red, Orange, Te% 
low. Green, Blue, Indigo, deep Violet. But 
more of Colours when we difcourfe direSly 
thereof by and by. 

A. Pray, what other Affedions of light are 
obfervable ? 

jB* Its Reflexibility and Refrangibility %. 

A. What 

f Sec Derhants Phyfico -Theology, Book I, Ch»p, 4. Note 
4th and 5th. 

X The Reflexihihty zndi RtfrnngibiRty of Light make the 
Sabje£b o£ Catoptrics and Dioptrics^ which are the two great 
Parts of the moft curious and delightful Science of Optics, See 
Notes * and f in page 26. 

I. Of CATOPTRICS. 

I. Catoptrics is the Science o^ Reflex Vifion^ or that which is 
perform'd by Rays of Light refleded from the poli(h'd Sur- 
faces of Mirrours of every Sort ; of which there are three very 
•bftfiderable, m%. 

a, ?laiti 
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A. What do you call the Rcflexibility of 

B-Thc 



Ught \ 



2. Vlain Wrrours^ or Looking Glaflfes : the chief Properties 
of which I have taken Notice of in the Text above, 'viz, that 
all Objects are reprefented in their Images jull as far behind the 
Mirrour'as they are really before it ; that th^y appear iituated 
on the^fame Side ; and laflly, that the Images are in all Refpedb 
aUh and efual to the OhjeSis in Magnitude. 

3. Coniftx Mirroursj or fuch whofc Surface nfpbericaliy round, 
8S MR. [Fig, XIII. of Plate I. fronting p, 25) ; to underftand 
the Nature of which, let AB be an Objedt, from the Extremities 
of which A and B, let two Rays BDand fij) falllxpon the Mir- 
rour in the Points C and D ; let PC and QD be perpendicular 
to the Convex Surface in the faid Points C and D ; then make 
the_Angle PCE equal to the Angle BCP, and CE (hall be the 
Ray BC refle£ied ; in like manner^ the Angle QDF being made 
equal to the Angle ADQ^ the Ray DF (hall be AD refleded. 
Now 'tis evident the Objed AB will be feen by an Eye at EF 
in the Direftion of the reflefted Rays EC and FD ; that is, in 
the Focus of the Mirrour GH, which will be the Image of the 
ObjeaAB. 

4. By thefe Mirrours, (x.) All Objedls appear ^r^W the 
Glafs. (2.) Their Images are all ere^, (3.) The Images are 
all lefs than the Objedl. (4.} Parallel ^s^ys^ or. fuch as come 
from Objefts at a vaft Dillance, have x}[it\r Focus or Image at the 

*^Diilance of half the Radius o/the Conve)city. (5.) Di'verging 
Rays, or fuch as come from near and fmall Objet^s, are repre- 
fented nearer the Glafs than half the Radius, (6.) If the Di^ 
ftance of the Obje6l;b^ equal to the Radius of Convexity, the. 
Image will be painted at \ of the Radius behind the Glafs. 
(7.) In CoTfverginz Rays, if the Diftance of the Object be left 
than half the Radius of Convexity, the Focus, or Place of the 
Image will be before the Glafs ; otherwife* always behind it. 
(8 ) If theObjedl be a Right Liney the Image will be a Cur^e; 
if the Objed be a plane Superficies^ it wilt be reprefented a cur^ 
'vedOnc, 

5. Conca<ve Mirrours are fuch as are fpherically hollow on the 
polifliM Surface, or that next the Eye. To underftand the Pro- 
perties thereof, let AB (Fig, XIV. of Plate I. fronting p. 25.) 
oe an Objed, BC and AD two Rays from the Extremities there- 
of falling on the Surface of the Concave Mirrour MR in the 
Points C and D ; they will be refieded thereby into the Rays 
CE and DV^ in the Diredlion of which the Image of the Ob- 
jed will be feen. 

6. Whence 
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B. The Difpofition of the Ray§ to be re- 
fledted^ or turned blck from t]^e Surface of 

any 

6. Whence Vis pUin» (i.) That Rays falling on fuch a Mir« 
TOUT, are by Reflection made to converse or interfefi each 
other, as here in the Point 0. (2.} The Objed AB will appear 
inverted and diminiihed in its Image a h^ in that focal Point o, 
to an Eye placed farther diflant from the Glafs, at £F. 
(3.) If the Eye be placed nearer the Glafs than the Focus 0, the 
Image of the Object AB will appear j>ehind the Mirroar» and 
very much enlarged, as GH, (4.) Divirghg Rays falling on 

' this Mirrour, i^ the Dtftance of the Obje£l be lefs than half the 
Radius of the Concavity, the Image will be behind the Glafs ; 
if greater, before it. (5.) Convtrging Rays form the Imagi al" 
nuays before lYktGXhk. (6.) Parallel Rays are converged to a 
Point at theDiftance of half the Radius before the Glafs. 

7. From this laft mentioned Property of a concave Mirroar 
'tis eafy to underdand ho«^ they become Buming-glajh i for 
the Rays of the Sun being Parallel, as coming from a vaftly 
diilant Object, all of them which fall on the Surface of the Mir- 
rour are collected into a very fmall Space or Circle, whereof 
the Heat will be to that of the Rays uncollected, as the Square 
of the Width of the Mirrour to the Square of the Diameter of 
the Circular Spot, or as the Area of the Glafs to the Area of 
the Spot. The Heat then being thus prodigioufly augmented 
vif ill burn violently in that Point ; which is the Reafon why it it 
callM the Fectu. 

II. Of DIOPTRICS. 

1. This Part of Optics confiders the Nature of Vifion by 
Rays of Light refracted thro* different Mediims, but principally 

, thro* Glafs in thofe Forms we call Lenfu» 

2. Of Lenfes there are five principal Sorts, *vix, (i .) A PlaBo- 
tonvex^ marked A. (Fig, XV. of Plate I. fronting j^. 2$.) which 
has one P^f Surface, the other a Cofi'vexane. (9.) A Double' 
convex, as B, which has both Swfkc^i convex. (3.) A Plano- 
€enca*ve,<aL% C, which hath one Plane, the other a Concave Surfacet* 
(4.) A Double concave, as D, ^hich has both Surfaces con^avi. 
(9.) A Convex-concave, as E ; one of whoie Sides is convex, and 
the other concave. This Lins is ufually called a Menifcus. The 

' Line FG is the Axis common to each of thofe Lenfes, as paf- 
fing thro* their middle or Vertical Point. 

3. Let LN be 2l double convex Lens in fV^.XVf. of Plate III. 
irontjog /. 62. or a double -concave as Fig. XVIL of Plate III. 
fronting ^ 62. AV and BU the Ra£i of their Convexities 

and 
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any Bodies on which they fall : Thus the Ray 

aB 

and Concavities, which are here equal ; from any Point C la 
the Axis, fuppofe a Ray CD proceed din>irgiug^ and fall on the 
Surface of uie X^ens at D ; t6 the Point D draw BD perpendi- 
cular, then the Ray in pafllng through the denfer Subftajice of 
Glafs will be bent out of its courfe C£ towards the Perpendi- 
cular DB, and fo be refradted from D to E on the other Sur- 
face ; draw the Perpendicular AG thro* the Point £, then the 
Ray P£ pafling out of GAr// into Air^ will be refraded from 
its fecond Courfe DH, into a third Courfe EI from the Perpea- 
dicnlar EG or AE. Now ^s evident from the Schemes, that 
th^ Ray EI is, by the Convex Lens, made to converge towarda 
the Axis, i|nd to interfed it in I; but in the Coacave Lens, the 
fame Ray £ is made to converge from tHe Axis, And this 
would have been the Cafe of a PJago convex^ and ^PIomh^m^ 
tave LetUt with little Variation. 

4* Concerning the various Properties of all Varieties of Leo- 
fes^ and Rays inci4ent upon them, fee Mr. Molineu^^ Optics, 
Dr. Crfgory^s Elements of Catoptrics and Dioptrics, with 
Dr. Brown" % Supplement thereto ; and Mr. Rommin^t Comp. 
Syftem of Philofophy, Part III. All which may be feen con^ 
(rm'd by Experiments in Grdvjandf% Math« Elements of Natu- 
ral Philof. Vol.11. Book in. PartlL 

What is hereobfervM of the Nature of Lenfes in general, is 
fuflicient for nnderftanding the Strudlure andEffedls of dioptric 
Machines ; as the Microfcofe^ JeU/cQpe^ Camera Oh/cura^ and 
Magic Lantbom . 

IH: Of the MICROSCOPE. 

I. Let DE be the Objeft-Glaf$, and FG the EyeGlafs of a 
Microfcope ; Fig.%y\ll- of Plate III fVonting /.62. a^c a fmall 
Ob|e9 to be view'd by the Eye at P. Draw the dotted Line of 
Axis a A thro* the Center of the Lens DE, and let AD be a Ray 
proceeding from the ExtremePoint «, of the Obje6^, and incident 
on the outmoft Part D of the Lens ; this will be refraded into 
the DireQion DA, and interfect the Axis in the Focal Point A : 
in like Manner a Ray a£, incident on the other Side £, wiil be 
refracted into £A meeting the Axis in the fame Point A. So 
that the whole Cone of Rays Da£ will be refracted into the Cone 
DA£ ; and therefore the Extremity a will be reprefented at A. 
in the Ame Manner the Cones DbE and Dcf will after Refractios 
become PBE and DCE ; confequently, the three Points tf,^,r,will 

be 
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aB falling on the Surface AC, in the Point B, 

, "is 

be reprefented in the Image at A, 6, C ; sad all Points between 
the former will be painted fimilarly between the latter. 

2. Therefore the fmall Object abc will have its Image formed 
in the Focus ABC ; and the Image will be in Proportion larger 
than the Object, as the DiHance of the Image is greater thaa 
the Diftance of the Object fr«)m the Giafs D£. Alfo the Pofi- 
tion of the Object will be inverted in its Image, as is evident 
from the Figure. 

3. The Image ABC is now to be confidered as an Object 
^ew'd thro' theEye-Glafs FG. Now it is to ho<weI/ noted, 
that Rays falling parallel on equally convex Lenfes are collected 
together in the Center of Convexity ; therefore if the Image 
ABC be placed in the Center or Focus oi the Eye Giafs FG» 

nil the Rays coming from it aftei; Refraction thro* the Giafs, 
will proceed parallel till they arrive at the Pupil of the Eye at 
P ; and that they (hould do thus, is necelTary to caufe diftinct 
Vifion. 

4. In the Pupil P, the Rays all crofs each other again, and 
by the Cryftalline Humor \def) are collected or united in th'e 
Focus, which is on the Retina on the Botom of the Eye, and 
there the fecond Image ahc\% formed in its true Portion, like 
that of the Object ab c. Yet notwithftanding this, the Mind 
conceives the Idea of the Object as inverted, the Reafon of 
'which odd Fhanomenon I (hall not here enquire, but proceed to 
the Conilruction« 

IV. 0£ TELESCOPES. 

I. The firft Telefcope I Ihall confideris thatcalPd a Pro/pec 
ti*ve-Gla/r, (Fig,XlX. of Plate III. fronting/. 62.) confiding 
of a Con*vexOlje£l'Gla/s CD, and 2i Concave -Eyi Giafs EF, 
which is to be fo placed, that the Focus, or Center of each Lens, 
may fall on the fame Point or coincide ; then fhall parallel Rays 
coming from any Object AB, and refracted by CD towards EF, 
by paiTmg thro* EF, be again made parallel, and confequently 
fit to produce dillinct Vilion (i.) This Giafs (hews Objects 
treB ; for the Rays do not crofs or interfect each other any 
where, which alone caufes Objects to appekr inverted. (2.) it 
magnifies Objects in the Proportion of the Focal Diflance of the 
Con*vex Lens D, to the Focal Diftance of the CoHcawe or-e EF. 
'(%,) In this Giafs no more of the Object is feen at one View 
than what falls on the Pupil of the Eye I, which therefore is 

near 
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is remedied or turned back again in the Direc- 
tidn Bd. See Fig. IX. of Plate IV. fronting 
p.yo, 

'.■'■■■'■ dt^lti 

iieai* atid large (3bje£ls is i)ut a way/maii Party and & tills Glafs 
15 in fach Cafes but of /r///ptJ/&, 

2. A fecond Sort ofTelefcope is tJiat confining o^ two Lenfes 
^o, but both C0«a/<x ones» as AH and il (Fig, XX; of Plate 
III. fronting /. 6i.j Let K be the f(7^»/ of both Lenfes, thea 
will the Image of a vaftly diftant Obje^ ^F be there form'd 
and appear inverted to an Eye placed in the Axis MG an/ 
where behind the Lens BL. On this Account it is feldoni 
ufed unlefs to view the Heavenly Bodies, whbfe Portion is not 
regarded* This Glafs alfo magnifies dbjedls iti Proportion ol^ 
the Focal Diftance of the Obje^ Lens QK to the Fo^al Diftanco 
of the £ye-Glafs KL. In this Telefcope fo much of the Ob« 
jed is feen at one Vietv as falls on the whole Surface of the 
Objea-Glafs. 

3. The third Sort of Telefcope is that in common tJfe for 
viewing Land-ObjeAs ; and confifts of one Objedt Glafs AH 
(Fig. XX. as above) and three Eye-GlafTes, all of the {vantfo*^ 
aut as B» C* D. Hence ^tis plain this is the fame with 
the foregoing Telefcope, only with the Addition of the twa» 
£ye«GlaSe$ C and D ; for whereas the Obje£fc was before .in-- 
verted in the Focus K» by adding the Glafs C it will be agaiii 
made eri^ in its Focus 0| and will fo appear to an Eye/ fg 
placed behind the third Glafs D, if the Focus both of C and D 
be made tp fall od the fame Point O. - This Telefcope then 
(hews Objefis ere^^ and 7s in other Refpedls the fame as the laJSk 
foregoing. See Note*, in Page 22. 

4. The fourth Sort of Telefcope is that lately invented by 
Sir I/aac Newton, calr^d the R^aing or Catadioptric Telefcope* 
This confifts of a Tube ABCD, 2, 3 or 4 Foot long (fig, XXI4 
of Plate III. fronting/. 62.) which is open at the End towards 
the Obje^l CD, and at the other End is placed a concave Me* 
talline Mirrour as AB, perforated thro' the Middle at e: at ai 
proper Diilancc is placed another fmall concav,e Mirrour £ (iii 
the Axis of the Tuoe) which is fupported by the Stem or Foot 
F. The two Mirrours are fo difpofed that the Fck:us of each 

'jnay fall on the common t'oint h between them ; thf n the Imagtf 
of anyObje6^ entering theXube, as ab^ and falling on the larg^ 
Mirrour AB in the Point ^r, is from thence refleded betweent 
the RaysV t& and c b to the. Focus b, where the Rays croffingi 
invert the Image as at / k ; and this Image being now alfo in 
the Focus of the Mirrour £9 after falling thereon in the Fointaf 

£ / gi 
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j1. In what Manner or Carder is this ? 

B. Th* 

fgy it will be refleficd from thence Iiack again in faraUei Ragfs^ 
ivhich pafs thro* the Hole / of the great Mirronr, and falling on 
^.Convex Lens at G» do again crofs each other in ito Fotas m^ 
and there reprefent the Image er^B to be view'd by an Eyel^ 
thro' the Eye-Glafs H, whofe Focus is alfo in as. 

5. This Telefcope magnifies the Diameters of Objedls in the 
Proportion of the Focal Difiance of the OljeS Mirroun to the 
Focal Diftance of the £ye Glafs. as do the other Telefcopes ; but 
in this, by Reafon of the Reflection of Rays, an Eye Gafs with 
a Qiuch fhorter Focus may be ufed than in the common ones by 
Refradion; and therefore a tUfii&ing*leUfcofeo{ 6 Feet in* 
Length will magnify an Objefl as much as Tk'RjtfroBing one 1 00 
Foot long ; on which Account they are now in muck EfUem» 
tho* th^re be many Difficslties in them alfo. 

6. If the Focal Diftance of the Objed-Glafs or Mirroor (ia 
any Telefcope) be 50 Inches, and that of the Eye-Glafs one 
Inch ; then will the Diamettr of a diilant Ofajedb be magnified 
50 times ; the Surface 2500 times; and the Solidity of the 
wkole Body 125000 tifliies. 

V. Of the CAMERA OBSCURA. 

1. 'llie Camera Ohfiura^ or Dark Chamber, is nothing bvt 
% Chamber, Room, or Box darkened, and a Convex Lens fix'd 
In a Hole made in one Side thereof aa at C (Fig.XXll, of Plate 
III. fronting/. 62.) thro' this Lens any Obje£l before it without^ 
as AB» a Tree for Inftance, will have its Image carried thro* the 
Lens between the Rays AC and BC ; which proceed to the o- 
ther Side of the Room (fuppofed to be at the Focal Diftance of 
the Lens C) where they paint the Im^e of the Objeft in the 
moft lively Colours, far beyond the l/nitation of the beftcon- 
duded Pencil in regard of Colouring, and with refped to the 
Motion of every Part moved in the Objed ; this is allowed fuch 
an inimitable rerfedion as is peculiar to Natures Painting only * 
Indeed the Image ahh in^erted^ and is ia Proportion to the 
Objed, as its Diftance Cd from the GIafs» to the Diftance DC 
of the Objeft. 

2. If the Objeft be placed at the Diftance of twice the Ra- 
dius of^the Convexity of the I<ens, the Image ftiall be exadly 
as big as the Oh}e£l. Note, I here (uppofe ^he Lens C to be 
ihubly and equally Convex. The only Time for making a dark 
Chamber, is when the Sun ftiines ; for unlefs the Ol^eds arc 
ilrongly enlightiinM, the Pidlure will be obfcure and little worth. 
The Sky Of^trU Ball^ with its dlaffes^ is raoft commonly and! 
cenv^aicBtlv ufed for this Parpofe. 

VI. The 




tf the kefra^itm of Ligk^ 6f 

^. The Law of Rcflciaioii of LigU is, ki- 
variaUe ^ for the Aogltf aBc, of the incident 
Ray aBi is ever equal to the Angle cBd, of the 
rcfletfted Ray Bd, and the Perpendicular eB< 
See F/>. IX. of Plate IV. fronting p. 70- 

A. What do you mean by the Refrarigibili- 
tjoiLigkt? 

B. The Difpo<!tioft of fheRayS bt Light t(* 
be refra<fledj or broken out of their dire£{ 
CoUrfe^ in pdfling through one trabfpartnt 
Bcdy or Medium into Another i Thm th^ Ra;^ 
aB, paiHng through ihe Medium oi Air to B> 
and there ftriking on the ' Surface of Watei* 
AC, is refra<!led dr broken out of its dircdli 
Courfe BE, into another BF, towards the Pcr^^ 

L pendicular BO. Sec Fig. X. of Plate IV. frcmt^ 

W A^ Doth the Adfrangibilif y of Rays alfei^ ob-» 

I fervc any ftatcd Law or Order ? 

■ B. Yes : For the Line HX of the Angle ol 
Incident CBH, is always in the fame Propor-^ 
tbn to the Line MF=^IK^ cf the Angle of Re.<< 

Vl,TlicMA(3tG LANtttOftN, 

After all that has been faid in thii Note, it is eag^T ro'ai 3 hzri 
Itifpeftion of^g. }CXITI.,of Platjt III. fronting f. 6z, tcf onder- 
Ibnd the Reafon of. the; Effefls of sL Maj(ic Ltaiithom, Lei 
A6DE be a Sedion therebf» C a Candle placed therein, F a| 
large Convex or Hf^mifpheric Lens, which ftrongly illaniinatei 
the inverted F'idures in the Plate GH ; the Light CQtning froxtf 
any one of thefe, zsat^ is, in paffihg through the Lens LM^ 
taade tofpread and d^'erge vtty ^uch, ahd confe^aently to paint 
a very large Image AB on the Wall, Off any Thing in thd Focu« 
ef thofe Rays, if this Image be a Ohofi, the ZWiV, &c. it ap^ 
pears very terrible and furprizing to the Spedators v^ho are via" 
ac^oaintsd with the Nature ofDiofirk Machina. 

£ a fra4li94 
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fradlion GBF ; as 4 to 3 in Water ; and as 1 7 
to 1 1 in Glafs. See Fig. X. of Plate IV* front- 
ing/. 70*. .^ / 
. jl. What may we learn by this Dodrine of 
the Keflcaion of Z./;§^iJ^/ .? 
. B, TheReafon why.Objefts appear juft as 
far behind any Plane Speculum^ or hooking^ 
Glafs^ as they really are before it, and the fame 
Way : Thus, fuppofe AC the Sedion of a Look-- 
ing-Glafsy 'tis plain any Objedt placed before it 
at ay as th^ Arrow ^ will appear juft fo far behind 
(he Glafs AB as E; and directed to the lame 

• The I^roof of this Experiment is eafy, and may be as 
foUows. Let ABD be a Semicircle (Fig. XXIV. of Plate III. 
fronting/. 62.} large and duly graduated ; C the Center thereof, 
before which is to be placed a Prifni of Glafs, reprefented by 
prs^ the upper Plane Or Side Which p r niufi be fixed paraU 
iel to theHorizon, or to AD. Suppofe the Angle of the Prlffai 
/ * r be 60 Degrees, then will the Angle/ j / be 30. Let Ic be 
a Ray incident on the Prlim in the Point HyiS this Incidencf 
be fuch» that the Ray entering the Medtut^ of Glafs be re- 
frafled into the Direction af^ parallel to the Horizon AD, it 
fhall txs\ss^^ out of the Glafs into the Air in the Diredion CR» 
making the Angle RCD equal to the Angle ICA. Now ia 
^rder to find this Angle, draw through a the Line h h per- 
pendicular to the Side pf the Prifm / r, and alfo^^ parallel 
to the Horizon AD, then ihall the Angle badh^ the Angle of 
RefradUOn in the Prifm as required, which is known as beings 
equal to the Angle / j / or 30 Degrees ; therefore if the Ratio 
of the Sine of Incidence be to that of Refradlion as 17 to 1 1» 
out of Air into , Glafs, it will be, as 1 1 is to 1 7 fo is the Sine 
of 6 a ^fcjo** to the Sine of Incidence I a ^njo* 45', near- 
ly ; from which take ^« ;&=:30, there will remain gal equal 
to ICA=:2o**45'; «nd iince any Objedl at I under the Angle 
20^ 45' does adually appear to an Eye at R under the fame 
Angle, it proves the Truth of the faid Ratio, And this al- 
ways will be the Cafe, be the Angle of the Prifm what it will, 
* If the Figure p rs were an hollow Glafs Prifm, this filled 
with various Sqrts of pellucid Liquors would exa^ly (hew the 
difterent refractive Powers of thofe Liquors. Aifo, a' Piece of 
Looking' Glafs placed horizontally at C| ftews the Angle of 
tucii^R^f ICA is e^uid to the Angle lof Reflexion RCD. 

Point 



of the RefraSiion of Light: ^ f>9 

Point in the Glafs B : For all Qbjeas appear in 
that Ray Ed, that meets the Eye in d. Be it 
any how refle<ftcd or refradted. See Fig. IX. 
of Plate IV. fronting /. 70. 

A. And are our Eyes thus deceived by the 
Refraftion of Ugbt f 

B. Beyond your Imaginatton, I believe. 

A. Aye, indeed ! Pray oblige me with an 
Example how, and in what Refpedts. 

B. I will ; and that by a very vulgar Expe- 
riment : Suppofe AGHB be a Vejely whofe 
Length GH is 56 Inches ; let any Objecft, as a 
Half-Crown, be placed exadly iii the Middle 
thereof at F ; then let the Vejfel be filled with 
Water to the Height CD, ^ Inches 5 let FP 
be a Ray of Light paffing from the Obje^ F 
to P, but there meeting with the Air, is re- 
fraded towards N, arid becomes PN. ' Now 
'tis evident an Eye placed in N, canoat, by any 
Means/ fee the Objcdl F (for the Sight is inter- 
rupted by the Side of the FeJJel at e) before the 
Water is poured into the Vejfel \ after it is 
poured in, the Eye at N will indeed fee the 
Objedl F, yet not in its true Place at F, but in 
another, diftant 1 5 4 Inches at E 5 alfo to an 
Eye placed pefpendicular over the Objed: F, 
it will appear to be in O, and the whole Botw 
torn of the Vejfel vvill jfeem elevated to IK, the 
Height of FO, 1 1 Inches, See Fig. XL of 
plate IV. fronting />. 70. 

A. Well, 'tis very wonderful, as well as di- 
verting and improving, to fee and confider of . 
thefe Things: I could not, indeed, have 
thought that Things placed fo for out of Sigh|^ 

E 3 couli 
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coal4 thus be madp vifiMe ; snd that we ihottk} 
liehold them in Places fo far diilgnt q^d difflr&p 
r£nt fisam the true ; ^Tis well we have jteafoii 
to guide us^ for I perceive our moft ei^quifite 
§tn&s are fallible, and often deceiv'4. 

J5. 'Tis true, our Senfes sxt liable to DecepK 
tion, and *tfe wpU for tts in pany Cdes they 
^re } for as I go on> I (hall often ihew you the 
Advantages which accrue tQ us thereby, an4 
if om the Caufes thcredfj particuUrly the Re^ 
sftcdtion and Refradtion df Light. 

A. How came Bodies firfl of gijl to be^n* 
ducd with this wonderful Prqperty of I4ght ? 

B. By the omnipotent Ftat of the great 
Creator s he faid "ilK VT^* E/io Lux, let there 
"be Light y and immediately there was Light j 
flnd the flupendous Body of the Sqn was cre- 
dited, as it were a Repofitcry or Stor^^-Houje 
^thereof, j«rbence it was tp be diftrihv»ted tp e-? 
jvery Part of the planetary Syftem, in order tq 
tftidkt the Whole vifible, gnd ufefpl to the va? 
ryioqs Inhabitants thereof. 

,ji. Csjn you give any Accoqntofthe 5malU* 
4iefs of the Particles of Light ? 

jB. Yes: It is con^puted, that in a Siecond of 
ft Minute, there flies out of a burning Candb 
^, following Number of Particles qf J^ight^ 

<4l866ooo0OOOOOQOOOOOOpOOOOQOOOOOpOOOOOOOOoOOO, 

which is JO coo ooo ooo, or ten n>illion§ 
pf millions Times 9 bigger Number than 

JOOOOOOOOOOOOOOOOOOOOOOOOOOOPOOOQ : 

^^e Niimber of the Grains qf Sand, con)pute4 
|o jie contained in the whole Earth rj? 

^ -f ^fc the Catci^ladon in Ifiiwinigi's Rdig. Phila(<9pher. 

: ' QUA?-: 
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C H A P. VII. 

■ > I 

I 

Of the Colours of hiGKTi and naf u- 

r^/ Bodies. 

I 

) *■ 

I 

lAXT O W, if you plcafe, iS/r, let us turn 

X^ our Difcourie to the 'Phanomena of 
Coloip^ : And firft, be pleafed to define what 
Colmr is ? . 

B. Colour is that which arifeth from a cer- 
tain Quality of Bodies, whereby they are dif- 
poied io to 'modify and rdHed the Light fall- 
ing on thenij and flriking on the Organ of 
Si^t, as thereby to occafion or produce the 
Senfation of Colour in our Minds : Ahd that 
Senfation in us is alfo called Colour. 

j1. Whence is the Original of Colours ? 

B. All the Colouring in thrfUgiverfe proceeds 
originally from the Rays of Lights for in them 
are contained all the primary, origiijal, and 
abfolutdy pure and unmixed Cohurs ^ ? 

^^ Which, 



* Des Cartt4 pretended that Colours refalted from the Relation 
ofihediredand drcalar Motion of Echerial Globules i if the 
Dired be flower than the other, Redh producdt ; if more i^apid^ 
i^ioiet \ and the others between thefe Bxtremet accordingly. 

Dr. Hooke fuppofed they confifted in the Obllqaity of the Pulfea 
of the E^erial Matter. Malhranch made them the EfFed of Vi. 
farations of Light, more or left quick. Regnault has a partictt<i 
lar Hypothefis on this Head in his Phil, Com/er/ktionSf VoL II« 
Page 391, xemaiicable for Nothing but Novelty, and the Pre« 
feoiptioji of the Aathor« Tliegreoi Barow imagined that Co* 

£ \ lotva 
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^. Which, and How many, are thofe pri* 
mary and origiijal Coioun ? 

B. Thofe whicjh follow : i ReJy 2 Orange, 
4 Tel/ow^ 4 Green^ 5 Blue, 6 Indigo, 7 Fiokt, * 

j4. Hqw are thofe Colours difcerned and 
diftinguiftied in the Rays of Light ? 

B^ By Means of the different Degrees of its 
Rcfr^qgibility j for thofe Rays which ao? leaft 
refrangible, are tindured with Red, and paint 
^at ^lour oh Bodies ] and thofe which are 
moft refrangible, are violet Purple, and paint 
P64ic6 therewith; and the intermediate De- 
grees of r?frangible Rays, are dyed with the 
intermediate Colours^ in the Order before-men-s 
tipned -f^, 

A. By whgt Experiment do you prove this 
Po^arine ? 

B. By this eafy one following : In a Cham^ 
ber mgde dark, make an oblong Hole in the 
Wipdo w- 3hutter at F, about i of ao Inch in 
Breadth, through which will enter the Sun 
Begm FHs and a large Prifm ABC, placed at 
about zo Feet from the Hole, will rpfradl tha 
Jlgys of this Beam ; after which they will a- 
gain unite, and become a white 3eam at H, 

]oars confided in a conftipated and rare Light, Bat Sir Ifaat 
ffewfffn |ias flieifti the Errors of Hypothefes about Colours ; an4 
proves the Truth of his own new Dodrine by undeniable Exr 
periments. 

+ Light is foppofpd to be mor^ or lc6 rtflexihle ofrefran^ 
gihie as the Particles thereof are of ^ lefler or greater Magnitude ; 
the Particles of Ktd Ligbth^ixiz^'^ greatefti and thofe of Fio^ 
let the leait of all others i thele, t'^efore, excite the leaft, an4 
thofe the largeft Vibrat^pn^ in th^ Ofi\c Nerv^% which occa» 
^qn different §enfa{ipQs. ... 

whew 
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where let be applied an opake Body GHI, at 
the Diftance of a or 3 Feet' from the Prifm, 
in which let there be an oblong Hdle made at 
H, tV or tV of an Inch in Breadth, througli 
which the white Part of the Beam being tranir 
raitted, and made to fall on a Piece of white 
I^per placed after, will there paint the prjmii- 
tivc original Colours of Light i fuppofe Red ait, 
Yellow at s, Green at r, Blue at q, and Violet at 
P. Fig. XII. oi Plate VIIL fronting />. 120. 

A. Very good, and what is the Confequcncc 
of all this ? 

B. Why then, with a Piece of Wire R, (or 
any opake Thing about tV of an Iqch thick) 
you may, by intercepting the Rays at k, 1, m, n, 
o, take away any one of the Colours at t, s, r, q, 
or P, whilft the other Colours remain as before, 

A. What do we learn by this Experiment ? 

B. Firft^ That the Rays of Light paint na- 
tural Bodies with different Colmrs. Secondly^ 
That the leaft refrangible Rays, as t, paint 
Red ; and the moft refrangible ones, as P, paint 
the deepeft Fiokt Purple j and that other inter- 
mediate refrangible Rays paint the other inter- 
mediate Colours. Thirdly^ That thofe differ- 
ences of Colour are abfolutely and really exift- 
ing in the Rays of Light y and do not arife from 
the different Confines of Shadow, varioufly mo- 
difying the Ligbty as has hitherto been (he 
Opinion of Phiiofophers. 

A. I think it feems from hence, as if you 
would infinqate, tk^X Qlotirs zvc next connate 
^with Bodies, or naturally in them, but painted 
00 them by the Rays of Light. 
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B. 'Tis very true : Colours only are in the 
Ti,ay$ 4>f Lights not in Bodies ; and all Bodies 
are of the fame Hue in the Park, and appear 
differently coloured only by, and in the Light. 

A. Strange Doctrine this ! I am apt to think 
you*U perfuade very few that Colours are not ia 
|3odies^ when they conftantly fee all around 
them tinged with fuch an agreeable' Variety. 

B. If they will not be convinced by Reaibn 
^ and Experience, they muft remain ignorant^ 

and iliU poilefs their Prejudices and £rrors« 

j1. But, accordingto this Notion of Colours^ 
how comes it tq^ p«i!^hat fome Bodies are all 
of one Colour^ Toma ^1 of another, and fome 
ci fo many different Colours ? 

B. This is eafily conceived ; for the Matter 
of fome Bodies univerfally refledts one Sort of 
Rays more copioufly than another; and accord-* 
ing to the Refrangibility of thofe Rays are the 
Bodies coloured: Thus Minium refledts the leaft 
refrangible Rays moft copioufly, ax^ thence ap- 
pears JR^^: Violets refledb tl^ moft refrangible 
Rays, and thence have their Colour j and fo of 
their intermediate Degrees : Again, the Matter 
of fome Bodies is fuch as refledts different re- 
frangible Rays ; and therefore is in various Parts 
of various Colours. "^ 

A.^ Pray, 

X The Colours of natural Bodies are of two Sorts, (i.) Va» 
rtabUt which change and difier according to the Situation of the 
]E)^» as in Siiks^ Satins, and the Tails of Peacocks, Sec, (2.) 
Permanent f which are always the fame and never vary; to un* 
4efftand the Reafon of both which, it is necefiiuy to pitmifci 
^p (idlowlll£ Things. 
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A Pray, &>, what can be the Meaning that 
fFbiie an4 Black are not reckoned among th^ 
^ifBary Colours o£ Light t 

B. Becaufe 

^^Kfit That l$.ays of Light by Means of a thin tranfparent 
plate of Atr^ Water^ otQla/s, &c. are feparated from one ano* 
ther ; and according to thexlifferent Thickne(6 of the Plate, the 
Hays of foipe Colours are traniixutted, and Uiofie of othe^ are 
ireile^kd. 

Secondfy* Such a very thiA Plate is bf a dilFerent Colour when 
£9en by the tranfmitt^d Rays, fcoin that which it is tinged <wiili 
when feen by refledled Rays. . • 

T^jn/^,Toprove this, the nfual Experiment is to take a Piano* 
convex Glafs (whofe convex Surface is the Segment of a verpr 
large Sphere) as A. (Fig, XXV. of P/ate V.) fronting p, 75.) 
li^ 'this with its Convex Surface on a jplain Piece of Glafs B^ 
Und compreiiing them together^ theee will appear, in the Point 
where they touch, a dark central Spot, and al:^ut it vaxioas 
coloured Circles^ as reprefented within CD. 
^ Fourthly, The GlaiTes thus comprefs'd being pbccd under 4 
^dicrofeope, the Colours of the fevetal Circles may be clearly 
^uid largely viewed, and the Breadth of each, as alfo the DiC- 
tanoesof thofe Circle^, may be accurately meafured (by a Micr§m 
puter fitted to a Mictpfcope) to the loooodth Part of an Inch. 

Fi/*hfy, To find the Thicknefs of the Plate of Air bctweeii 
the Ghfles at the Periphery of any coloured Ring, fay — As the 
J>iameter of theGlafs^s Convexity if^ to theSemidiametcrqf any 
Sdtkg, fo.is that Semidiameter to the Thickne(s of the Plate <^ 
tAir at its Periphery. Suppofe the Diameter of the Sphere the 
JCvlais was ground to were 12 Feet, or 144" Inches, and the 
Semidiameter of the Circle r^ of an Indi a then 144 : t£ • • xi • 
-T^vTs* therefore the Thicknefs of the Plate where that Circle 
is formed is t ^I&s ^^^^ of an Inch. 

Sixthly f the Colours of the Circles feen by the reflected Light, 
$ire much more vivid and diHindt than thofe feen by tranfmitte4 
|jight, which are faint and mpre dilute, 

S^fusnthfyf The Rings made by Refledlion are differently co- 
loured from thofe made by the Tranfmiifion of Light ; tfhite^ 
m the latter Cafe> will be opppfed to Black in the former ; ReJ 
to Blue, Tell9w to Violet, and Green to a Compound of it/a an4 
Green, 

Eighthly^ the more obliquely the Rings are viewed in either 
4Cafe« the larger they appear by much ; nor do they follow the 
fimple Proportion of the Obliquity of the View ; but as this iA« 
i^ieafe^ tl^e Circ}c|s fwell aiid dilate themfelves much oiore. 

Ninthly^ 
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J5. Becaufc White is fo far from being a 
pure^ (imple, original Colour^ that, on the con- 
trary, 

\ 

Nimbly^ The farther the Circles are from the Center, the lef- 
fer tfnd fainter their Colours appear % the fifth or fixth, is the 
lad which ajTpears diilinft ; though I have obferved a faint Skim 
of Circles to the Ndmber of 1 1 or 1 2, in the light Air. 

Titiihly^ Water applied to the Edges of the Glafs, is attraded 
between them, and filling all the Interftice, is made to coniU- 
tate 33 thin a Plate of Water as before there was of Air. 

Eii^eniblu the Water approaching the coloured Circles in 
the Plate ot Air, does in a great Meafurer^ftroy the Brightnefs 
of the Colours, leiTen the Number of the Rings, and contrails 
their Peripheries in the Proportion of 7 to 8, nearly. ' 

^^elfthly. Babbles blown up in Soap Water exhibit the like 
Appearance of coloured Rings, brighter towards the Top where 
the Bubble is thinner ; but towards the Bottom, where the 
Water runningidown makes the Bubble thicker, the Rings and 
Colours gradually become more faint and obfcure, till at laft 
they quite difappear. 

Tbirteentbly^ Thin Plates of liufcvoy Glafs (hews Rings of 
Colours alfo, but if thev are wetted with Water, the Colours 
become more faist and languid, though they vary not in their 
Species. 

Fourteentbly^ Light incident on thin Plates of Air, Water, or 
Glafs, is difpofed, according to the different Thicknefles thereof, 
to be either tranfmitted or refleded ; where the Thicknefies are 
as the Numbers i, 3, 5, 7, 9, ^c, the Rays are difpofed to be 
reJUaed^ and tranfmitted at the Thicknefles expreifed by the 
Numbers o, 2, 4, 6, 8, 10, &r. And this Action or Difpofition 
f>f Rays, in its Propagation, intermitting and returning by equal 
Intervals (4s here fpecified) for innumerable Viciffitudes, t>cca* 
fioned Sir I/aae NenjDton to fay— they were then in Fits of taff 
Refusion^ or in fits ofeafy TranfmiJJton. 

Thelfe Obfervations aflR)rd the following Conclufions^ton- 
teming the Colours of natural Bodies, .^/ 

1. The Particles of all Bodies confift of very thiitPlates, or 
Laminae of Matter, in themfelves cleav and pelliiad ; this iii 
fome Meafure is evident by viewing the Particles of dry Earthy 
or Sand with a Microfcope. 

2. Thefe very thin Plates do refle£l or tranfmit LidH Incident 
ppon them, and thereby become coloured. ^ 

3. The Colours of Plates depend on' their Thickne& and 
P^nfity, and not on the encompaiCng M$£ut9. 

I 4. Tl* 
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trary^ 'tis a Mixture of all thofe fevcn original 
Colours together ; or a Compofition of Colours^ 
even' all the Colours in Nature : And on the 
other Hanid, Black is properly no Cohur at ^I^ ' 
being only the Hue of thofe Bodies whofe 
Subftance abforbeth all the Rays of Lights and 
therefore by refledlihg none, cannot, of Con- 
fequence, be coloured at all. 
' A. Then thofe Bodies which appear Wbife^ 
I apprehend, are fo by reflc<Sting promifcuoufly 
all the Rays of Light which fall on, them *• 

J5. Yes, they are fo. I have one Thing 
more very curious on this Head of Colours to 
relate to you, and then, if you pleafe, we will 
make a Traniition to another Subjeip:. 

4. The thinner the Plate, the more vivid the Colours. 
. 5. The more the Thicknefs of a Plate is increafed/ tii<| 
more Colours it reflet, and different ones. 

6. The Colour of fome Plates will vary by changing the 
. Portion of the £ye> while others remain always the fame. 

7. The thickeil Plates refled the rtd Rays, and the thinneft 
the Violet' coloured ones. 

8 . The denfer the Medium encompafling the Plates* or wUck 
fills the Pores of Bodies, the more obfcure and darker are the 
Colours. 

9. All Bodies appear of fuch a Colour as ari&s from the 
Mixture of refleded Rays. 

10. The more fimple and vivid the Colours, the lefler and 
more denfe are the conftitueut Particles or Plates of natural 
Bodies. 

' For a larger Account of thefe Things, fee Sir'.^r Newjt6n\ 
Optics, Book II. Gra*vefandis Elements, Vol. IL Lib. 3« Chap. 
22, 2%. WoJler\ Pfin. of Nat. Philofophy, Page 23910 252. 
Harris''^ Lex. under the WordCoIour, . . 

* Thus Sir Ifaac proved by feveral Experiments (beiides 
bare.Res^oning) in mixing coloured Lights, and coloured 
Powders in proper Proportions ; for the Compofition. was of 
as perfeft a Whitenefs as any in Nature : As may be feen at 
large in his Optics, Book U Part II. frof. 5. 

4* Pray, 
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ji. Pray> what is that ? I long to know, be-- 
ing ravifhed with thefe natural Curiofities. 

B. It is this : Sir J[faac Newton^ by Experi- 
ments, hath found that the Colours of Ltgbf, 
with Rcfpefl: to their Quantity, were in Pro- 
portion to thtfeven mujical NoteSy or Intervals 
of Soundy contained in an OSiave^ viz. Soly la^ 
fa, Soly la, muja, SoL Fig. Xlll.of P/u/^ 
VIII. fronting/. 120. 

A. A Difcovcry indeed ! fure the happiefl 
Man that ever lived for Experiment. What J 
mufical Harmony in Colours ! 

Bn Yes, he difcovered it thus : He caufed a 
Sun Beam to be largely refradted on the Side 
of a dark Chamber, which produced the 
SpeSlrum tf/ C?ii7«n, reprefentcd by ABCDEF > 
va which he caufed ah AiMant exadlly to mark 
the Confines of each Colour, by drawing paral- 
lel lines betwixt each,, as am, bi, ck,^ &c. and[ 
thus the Spaces V, I, B, G, Y, O, R, repre- 
fcnt the Quantity of the refpedive Colours^ 
viz, Violet, Indfgp, Blue, Green, Telkw, 0-» 
range ^ and • Red : And upon a nice Exami-^ 
nation, he found the parallel Sides of the Spec-^ 
trum AF and CD, to be divided in the Point* 
a, b, c, d, (Sc. juft in the Proportion as a mu- 
fkal Chord i& dividied for the Concords of an 
OSfave, viz. as the Intervals of thefe Numbers^ 

I. T. -€' %' T* T- 'T^* -3C. T« 

ji. Thi^ 



+ Sec Sir Ifaac's Optics, SooA I. Part 11. Prap. 3. where 
you have not only the Original of this excellent Difcovelry, but 
alio a Method deduced from thence to determine of the Shie» 
•f Refraf^ton proper to each of thofe Colours. For when the 
Sine of Incidence was 50^ he found the Sine of Refradion for the 

kaft 
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A. This would induce one to think there 
were fome Kind of Relation between Mufic 
and Colours', iince it hence appears^ that in 
Nature, the pleaiiag Notes of the oie, and 
the Quantities of the other, are in the fame 
Proportion, and both deiigned to delight and 
pkafe Mankind, and footh the Cares of Life. 

B. One Thing more I muft rem^ind you o^ 
and that is this : Some Perfons tell ns. Colours 
are tangible Qualities, and may be diflinguifh-i 
ed by Peelings and give an Inflance. of one that 
could and did do it : But this is certainly im« 
pofTible to do naturally 3 and therefore if any 
one ever did do it, he muft have a miraculous 
Gift of Feeling^ J. 

kail refrangible, or reddeft Rays wai 77 ; and for tbbfe which 
were ntoft to, or deepeft Violet, was 78 ; and for the iatermef 
diate Cokmrs he found 



fRed n 
I Orange j 



n to 77i 

, o , 774 to fl\ 

The ' ^^^^^^ ' 7>T to 77t 

Sincfiof*^ ^^^^ ^ ^^y* extended from -i 77J to 77^ 



Blue I 
I Indigo I 
LViolet J 



n\ to 77| 

, n\ to T^i 

\lll to 78 



t Mr. Derhantj in his PhyficoTh^ifgy, (Pagp 144) affertt 
that Colours may be diftinguiflied by the Tottcb, or Sf^/i (if Fit/" 
ing ; and to oenfirm this, relates a Story (from GrtmM^ dt 
hum. \^ CoL pr. 4}. } 59.) of one at the Court of the Duke of 
Tufcanyy whOj on a Piece of Silk uniformly woven, and tipge^ 
with many Colours, being o^ered to him, did truly, by that 

Senfe only, judge of the Colours of every Part- ^But fince 

Colours are but ^ualitiesi aind no matirialEt^ncss, I cannot be 
in4uced to believe this extraordinary Perfon could difcem Co* 
lours'meerly as fuch by Fieeling, but rather from fome fmall 
Differences in the Surface of Silks and other Bodies tinged with 
various Colours, and occaJioned thereby ; which is a Tmng that, 
sot only he, but many who deal in dyed Commodities hav^ 
been able to do alfo» 

CHAP. 
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CHAR VIII. 

Of Sound. 

JB. TT E T* us next entertain ourfelves with a 
JLj Confideration of the Nature and PrcH 
perty of Soundly for this is no barren Part of 
Nature, nor a ufelefs Speculation, the Curious 
know. 

ji. Come on then, 5/r, If you are not tired, 
I never fhall with thefe noble Difquifitions aRd 
Enquiries; and pray tell me firft, wherein 
Sound doth confift ? 

B. Sound is the undulatory or wave-like 
Motion of the Air, arifing from tlie tremuhus 
Motion of the Parts of any Body, occafioned 
by a Stroke ; and thofe Undulations or Pulfes 
of the Air beating on the ^ympanum^ or Drum 
of our Ears, convey, by the Nerves, this Sen- 
fation to our Minds *. 

• A. How doth it happen that one and the 
fame Sound may be heard by fo fftany at once, 
and in different Places ? 

. ^ Let AB be a String (brained and fixed at tlie Ends A and B : 
and then let it be drawn out of its natural Pofition AB into an- 
other ACB ; if then it be let go, it will by its Elallicity not only 
fly back again to its fit^ Pofnion AB, bat into another ADB, 
^ which 18 fo far above AB, as ACB was below it; ^fter this, if 

will return again almoft to C, and then return almoft to D ; and 
thefe Caurfes and Recourfes of the String growing leflcr and leffer 
above and below AB, it will at laft fettle into its firil and natural 
Pofition, and be again at Reft. And this is >^at is called the 
Tihration of a Chord or String drawn tight and ftruck, as in mn- 
fical Inftrumcnts. Sec Fig. XXVI, of Pku V. fronting f. 75* 

B. Becaufo 



Of the Ndure of Smndi 8l 

fi. Secaufe the Vibrations and Tremors of 
the Air, excited by the Percuiiion of any Bo^ 
dy, are propagated in concentric Spheres all ag- 
round 'the laid Body (which is their common 
CenterV to vefy great Diftances ) and therefore 
let a Perfon be any how, or any where fituated 
within the Verge of thofc Motions, he will 
equally hear the Sounds at equal Diftances from 
the Bqdy whence it comes: See Fig. XIV. of 
P/a/'^ VIII. fronting p. 120, where DD repre-** 
fents a Drum, and D, i, 2j 3, 4, 5. ^d the cir* 
cular Pulfes of the Air made by, and convey- 
ing the Sound of the Beats to our Ears^^f^. 

A. How is it to be proved, that Air is thusi 
the Medium of iStoW? ^ , 

jB, By the Experiment of a Bell in fhei Re-* 
ceiver in an Air-^Fumpy which, before the Air 

\ A% there is ft maiiifeft Agreement between tight zxA 
^^¥PiL ^^ many Particulars^ fo it is moft of all confiderable in 
RefleSiion from hard Bodies, for as Light is rendered more 
Intenfely bright and hot, by being refledked froxh the concavtf 
Surfaces oC Mirroars to a certain Point, ('viz* the Fotus) where 
the Rays are croaded into a lefTer Space ; fo Sound being utter- 
ed within a long and narrow Space, -as that of the Steniorophonk 
Tube, or fpeaking Trumpet, is continually refledled, and re* 
verberated from the curv'd Sides int^ the Axis, whefeby it be* 
comes more intenfe dnd ftrong at its Exit, is confeqtiently mucU 
louder^ and may be heard much farther than it. could be other^ 
wife. 

Thus alfo, if a fmall Sound or Whifper be uttered at one Sidtf 
of a large DoTne^ or concave Hemifphere, (as at the Whifpering 
Gallery at St. PauTs) fuppofe at tTie Point A, (Fh, XXV. of 
PiateY, fronting/* y^.) the^n fhall all the Sonhd ftriking agaioft 
the whole hemifpheric Concave, be reflefted to the Points 
£, B, B, 6fr. and fromthehce to C, C, G, Cfr. and» after fe- 
▼eral fuch Reflediions, will all be united in the oppofite P jf 
where the Sound will be much more ilrong, loud, and audiblet 
than at any other Point in the whole Dome or CoiKave. Sed 
Qkrin Motion of Fluids, fate 341. 

F II 
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• ■^.., 

is exhaufted, may be heard to a confiderable 
Diftance'3. "hot when exhaufted, tan ftarcely be 
iicard at the neareft Diflance J. 

j}. What Velocity of Motion h2ith Sound? 

B. Very great, but not near fo great^ as that 
of Light : Mr. Derbam has found by Experi- 
inent'that the mean Velocity oi Sounds is at* the 
Rate of 1 1 42 Feet in one Second of Time, 
or a 'Mile in 4 4^ Seconds ; and therefore would 
take up 174. Years in paffing from the Earth 
to the Sun, which is near double the Velocity 
of a Bullet, at his £rft Difcharge firom the 
Cannoii *. 



-ha 



o 

< 





X This Experiment (hews alfo, that Soands are augmented 
or diminiflied proportionally as the Air is condenfed or rarified. 
Thas it i^kiibwn Sbuhdsr are weaker on the Tops of high Moun- 
tains^ "where the Air is tAOTMirare^ than in low Valltes, where 
it is inore condenfed by the Weight of the fuperincambent At- 
mofphere. S^Faren. Geog. Gen. L. i. cap. 19. Prop. ull. 
^ {" S\r Tfaac Ne^wton f 968 

The Hon. Mr. Fr. Roberts j 1 300 
Mr. Boyle \ 1 200 

'^jT>r.Jralker ^ 1338 >Feet in a Se- 

'5g ^ Merfennus j 1 474 "i cond of Time. 

The F/(?r«T/i»^ Academy Iii48r 

The French'VioyzX Academy {1 172 I 

But the Reader may depend an the laft, 'uisc, 1 142, as very 
Juft for a mean Rite of Velocity. 

Several good Ufes maybe made of the Knowledge of the 
Velocity of Sound. Thus by it we can eailly meafure the Di- 
■ftance of the Clouds producing Thunder and Lightning ; for fup- 
'pofe from the Moment we obierve the Flafh to the Moment we 
hear the' Stroke of Thunder, we number 4'Seconds» then it is 
plain the Sound has come 4 times 11429 i. e, 4568 Feet, or 
fomewhat above | of a Mile ; and fo far dittant is the Cloud. 
In like manner the DlitanCe of Ships on the Sea^ i^c, U known 
by Firing of Gum* 



Of the Nature and Motion of Sound. 8 J 

A. Can yoil certainly tell, how far Sounds 
tbay be heard ? 

B. Indeed thb is a Matter not altogether 
crertain j but there are Reports of Sounds (aa 
the Explofions of great Guns^ ^c* which 
hav£ been heard to the DiAance of i8o or 200 

Miles f. 

A. Doth not the Wind greally obftru^ th<^ 

Motion of Sound ? 

B. N05 not fo mttch as one would imagine $ 
tho* there is ibme fmall Difference in the p^e^ 
iocityof Soundj with or againft the Wind ; ,but 
Sound is greatly augmented or diminished by 
the Strength or .Weaknefs of the Wind* 

A. isithere any Difference in the Motion i^ 
great or £nall Sounds ? 

iB. Mr. Derbani fays, none at all ; whether 
the^ be loud or languid, of Bells, .Guns, &^« 
great or fmall, or any other fonorous Bcidy. 

A, How do you eftimate the Greatnefs q^ 
Intenfity of ^mnd ? 

f yit, Clarttvfi ft Oeatleman of gitftt Vei^acity> i^do Ix^A 
lived fome Years at Giira/tar, aMrmM to him, that he has 41 
Old Gihraltar )ktSLrd the Watch- Word of the Night, (vizirs 
^^^0 ^^^^ ^y t^^ Ceatinel to the Patrol! on the Kamparts ot 
Hiw Gtbrdltars ih a flill ferene Night, and the Water perfectly 
rmooth, and that as plain and diHindly, he thoiight^ as ha 
ihoald have done had he been on the Rampart himfelf. Thci 
Bay between the two Places he judged to be ftboat three ZfoMtfi 
Leagues over, or above lo Miles and a half. Motion of Fltdd^^ 
Page )43, 344. Derbam^i Phyfico-Tbeol. L. 4. Chap, j* 
Note 2ji where he tells as from Dt. Heam^ that Guns fired M 
Stockholm in 168$ were heafd 180 Englijh Miles; and in th^ 
Dutch War 167a, the Guns were heard above 206 Miles* Sef 
alfo his corions Experiments on Sound in the Phil. Tif9jifzBXQti^. 
K^« 300> and Hurts' % Lex, under th^ Word iound, 

¥ z B* That 
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B. That, iS/r, is always as the Space pafled 
through by the Particles of undulating Air, in 
their paffive Motion backward and forward J. 

j4. What further have you to obferve con- 
cerning the Motion of Sounds ? 

B. They fly equal Spaces in equal Times^ 
and nothing but the Wind can accelerate or 
retard them ; not the Differences of Day or 
Nigbt, Summer or Winter ^ Heat or Cold^ Wea^ 
ther cloudy or clear, the jiir heavy or light, 
&c. 

A. Pray, 5/r, tell me the Reafon why, after 
the Stroke^ the Sound of fome Bodies, as Bells, 
the Strings of mufical Inftruments, G^r. con* 
tinues fo long, but weaker and weaker ? ^ 

B. The Sound of Bodies endures, in Propor- 
tion to the Number of Vibrations made there- 
in by the Stroke^ each Vibration producing a 
Wave in the Air, and each Wave repeating the 
Sound ; but ftill more and more faint, as the 
Vibrations are lefs and lefe, till they entirely 

i ceafe : This is eafy to be obferved by the Ear 
in Bells, and by the Eye in a String under Ten- 

- lion, 

jt. There is one Thing more I had almoft 
forgot to enquire the Reafon of, tho' I gucfs 

j: In a warm and rarified Air, whofe Elafiiciiy is therefore 
fmall, the Strength or Intenfity of Spunds is not near £o con* 
iiderable as in a cold and denfer Air, when the Elafticity there- 
of is much greater. 

The Velocity of Sound is 52 times greater than that of a brlfk • 
V(^indvor<?urrentof Air; and, (as Mr. Hales aflertcth) it is to 
that of undulating Water as 865 to i. 

how 
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Of the Nature of Sound. 8 J 

how it muft be j but I beg yofur Thoughts of 
it, Sir-y \t\%im Ecbo'? 

jB* This, 5/r, is no more thaa the Repeti- 
tion of Soundj made by a Reflexion or Rcper- 
cuflion of a Wave of Sounds from the Surface 
of very hard and fmooth Obftacles> as Walls, 
CSc. whence flying back, it re-falutes our Ears 
with the fame Sound again ^. 

A. This 

* The Angles of Incidence and Refle£lion sre equal as well 
in the Cafe of Sound as Light ; and therefore *t]s eafy to un* 
derfland where the Echo will be heard mod diftin^ily, when the 
Figure of t^e refleding Surface and Situation of the Speaker is 
known. 

, 2. Thus let AB be the plain Side of a Tower, /F^. XXVIII. 
of Piate V. fronting/. 75 J GH the Declivity ot a Hill before 
it» let a Perfoautter a Voice at D^ and fuppofihg EC perpendi- 
cular to the plain AB, and the Angle DC£ equal to the Angle 
ECF, the Echo of that Voice will be heard at F. ^ 

3. The Diftance of the Object returning, ^tEcbooi one 
Syllable muft be 24 Paces or an 1 20 Feet ; and for the Echo of 
2 Syllables 48 Paces or 24<5 F^et, and' icon in a direct Propor- 
tion ; fo that an Object returning the Echo of 10 Syllables muft 
be diftant 240 Paces, or 1 2Q0 I^et^ 

4. The famous Echo in Woodftock Park near Oxford^ retarn*d 
17 Syllables in the Day. when the Wind was a little ftirring, 
and 20 in the Night ; for then the Air being denfer, the Vi« 
bxations becaipe flower, and fo a Repetition of more Syllables 
were audible. As Dr. Pht relates in his Hat, Hijioty of 0»^ 
fordjhine, 

9. I)r. Harris fays there is a much intxEcboU^m the North 
Side of Shipley Church in Sujfex^ which in the Night would re- 
peat diilinctly thefe 2 1 Syllables ; » 

Os Hommi fuhlime dedit Ccelumque tueri 

Jujftt, '^ Ereclos' 



' I "j" 



See his Lex^ Teih. under the Word Echo^ 

Note (i/) That the Object AB, which reflects the Sound, It 

" Caird the Phonocamptic Object \ and the Point C, on which the 

Sound impinges, is caird the Phonocamptic Center s^from the 

Greek Word ^uiyi a Voice or Sound, and KoLfMna to bend W 

inflect* 

F J ^i?/^ 
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A This is juft as I apprehended it to be ; 
But pray, 5/>, whence arifcth the great Varies 
ty in the Note or Tone of Sounds f 

B. The Notes and Tories of Sound arife 
from the peculiar Nature of the fonorou? Bo^ 
dy, the Manner and Degree of P^rquflion, and 
the difierent Make and Configuration of the 
Organ or Inftrumcnt of Sounds all thefe con^ 
tribute to make that wonderful Variety and 
Difference in thp Tunes, Notes, or Tones of 

^,Why 

Vote^ (2.) That as the Science of Vifioii is calPd O/z/V/, fo 
the Scij^ncf; of $ound or Hearing is callM either Acouftia JFron^- 
ixd9» to hear ; or Phonics from ^»vi}, a Voice or Sound. Alfo 
, Catacouftks is that Part which treats of refieBed Sounds, Echp^s, 
iffff . and Diaco^fiict^ the other P?rt >vhich explains the Naturd 
of refraded Soiinas ; ^nd lafUy, thofe Inllruments which are 
wfed to affiii or improve the ienje of ffearing^ are callM Otacot^- 
Jtics^ frojn eu vrit-f an flar, and axsV, to hear. 

f 1 fha!) here obferve a few Things concerning Sound confi-. 
4er'd as the Sabje£t of the excellent Science of Mujicp 

I . Sounds, as they are more inten/i ot r^ms/s^ are faid to be 
loud Mid Johv, or ftrong and *weak ; which depends on the 'Nature 
pf Ae fonorous Body, its figure^ the Worct of Percuffion^ Sec, 

t. Thp fame loud or lonv Sound hzih divers Degrees of Note or 
Tc^Cf which are in the Extremes call'd Jcutfne/s^nd Grwuify of 
the Sound : in the lower Degrees, the Note or Tone. \s Grave/ 
fiat or &w : in the higher, it ib Acute^^ fi^rf or high, 

3. The Dcgrps of Acutenefs and Gravity ^ake all the dif- 
ferent and diltinguiihable Tones or Tunes of 2 Voice pr Spund $ 
which are the component Parts of Harmony. 

4. Sound is again diHinguiihed into long zxAJhort^ which re- 
lates to the Duration, or Continuance thereof. 

5. Farther Sounds zre Simple or Compound: A Simple Soun4 
{$ the Prodod of one Fpice, qt rndividaal Body, as that of one 
Wire or Word. A Compound Sound confifts of feveral Simple 
pneSf all united in the fame Meafure of Time, or flriking the 
j^ar altogether. As the various Notes ftrQck at the fame Hxsuf 
on di^erenc Inftriiinpqts ii^ a (Joncert* 

/ ^ 6. Laftly^ 
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A. Why is it that fomc Notes, called Con- 
cords, are agreeable to the Ear, and others WQ 
call Diicords, difagree therewith. 

B. We 

<$• Laftly, Sounds are tx^xfnnoth and i^f^en^ or rou^ andj 
h0rfl> I alio tkor and dlfiinS^ or boarfi and 0^/^. To produc^ 
aimoochy even, and clear Sound, the Body muft bp homogene- 
ous in its PartSt and of a^ uniform Figure throughout; other« 
mfe, roughy obtufe» and grating Sounds will eniue* The for- 
aier of thefe are only concerned iu Wbtfic^ and are therefore 
called, barmlomct or Mu/Ual Soundt* 

7* As Sounds are produced by the Vibrations of the Parts o£* 
Bodies* and Strings or Chords are the mo ft iimple and proper 
Subjects to examine thefe Matters in ; fo it has been ^ound' that 
the following Articles, refpecting C^ds and their Fiiratsons, 
are founded m Nature, and confirmed by repeated Expc^rience. 

8t The Forces requifite to draw any Chord or String ACB 
out of iti Place fFigi XXIX. of Plafe V. fronting/. 75) to the 
Diftance of r /, c/, eg, are directly proportional to the Spacei| 
or Lines, ct, e /, cg^ 

9. The Vibrations, therefore, of the fame Chord arc all per- 
formed in equal Spaces of Time ; that is, the Chord will re- 
Ciirn from the Situation AgB as foon as from AeB to ACB, be* 
Caufe the Force at g is as much greater than the Force at e, b]^ 
which it returns, a^ Cg is greater than Ce. 

10. If Chords differ only ii^ Tgnfiof, the Tidies of their Vi« 
brations areinverfely as the Square Roots of the Weights ^hicli 
ftretch them. That is, if the Weights are as 4 to 9« the Time^ 
will be as 3 to a. 

11. TheNumber of VibratSqn? in tJiej^^TVV, a^e. direfllj^ 
at the Square Rbots of the Weights ; that is, as a to 3 » in th^ 
preceding Cafe« 

• 1 2. The Number of Vibrations xnAifi 'm the fame TUme br 
two Chords differing in Thickn^f?, are as th.e I)ia«m^ters of 
their Bafts inVerfely. 

13. If Chords differ only in length, the Times of their Vi- 
brations are direody proportioual to their Lengths ; and th^ 
Number of Vibrations in the fapie Time are inve fely as the 
X»engthf. 

M* Hence Chords of different Tenfions, Diaqseters, and 
Lengths may be fo adjuAed by compounding the foregoing Ra- 
tios» that theTixpes of their Vibrations (hall be iu any givea 
Proportion ; which is of g^f at Ufe in ftringing Inftruments, as 
ik^Sfinet, Harjifichordf &c. 

F 4 ij» At 
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. B We may fay, they are fo from the A-^r 
grccment or Difagreement . of the different 

Motions 

15. As the Tiw^of a Note or Sound is conllituted by thc'Mea- 
forc and Proportion of Vibratiorsin refped of their Velocity, 
the quicker Vibrations making the ^ifw/^r Tone, and the flower 
the graver one ; fo it follows, the Tune of any String's Note 
will be acuter or graver^ in Proportion as it hjmalier or greater^ 
Jhorter or longer^ tighter ox flacker. 

16. Two or more Notes or Sounds being made together is 
caird a Confonance ; if the Sounds are of the fame Tune, it fs 
^aird Unifonance ; if of different Degrees of Tune, /. e, of 
Acutenefi or Gravity y but yet make an EfFeft agreeable to the 
Ear, it is calPd Concordance ; otherwife Diflonance, 

17. A Concord 9 therefore, is the Agreement between two 
Sounds or Notes of different Tunes, either in Conjonance or 5i»- 
xeMon of Sound \ fuch as is pleafing and delightful to the Ear. 

18. As the Vibrations of Chords is the Caufe ofSognds in 
general^ fo the Coincidences of the Vibrations of Chords is the 
ReafoQ and Ground of Concordance: If there be two phord» 
AB, whofe Lengths are as. 4 to 3, then 'tis plain (by the 13th 
Kereo^ that while the Chord A makes 3 Vibrations, the Chord 
B will make 4 ; and ther^ore fuppofing them to begin together, 
there will be conftantly at every, 3 Vibrations in A, and 4 in B, 
a Coincidence of Vibration; thai is, they will then vibrate toge- 
ther, and begin each Periid of Vibrations fo long as they con- 
tinue in Motion. This makes th^ concord with each other, 
and produce an agreeable Sdund. 

19. The more frequent thefe Coincidences are, the more a- 
grecable IS the Confonance ; andthcrefore-Unifon is the firlt Pe- 
greejof Concord, becaufe there the Vibratipns begin and, end to- 

f ether; this is exprefs 'd by the i?tf//i> of one to one, viz,. .1 : i, 
Jext to this the Ratio of i : 2 is the moft agreeable and pcrfeft 
Concord, and then 2:3? after which, the Concordance becomes 
lefs perfcft and pleafant in the Ratios 3:4, 4:5, 5 : 6, be- 
yond which the Confonance is un£iifferable.j for in thefe the 
Coincidences of Vibrations becomes lefs frequent. 

20. Befides thefe Ratios of Concord found in the natural Order 
pf Numbers, 1:2:3:4:5:6, there are fome others, a>j«. 
3:5, and 5 : 8, which the Ear adjudgeth Concords, tho' in a 
lower Degree. And hence, 'tis plain, there is fomewhat be* 
iides the Frequency of the Coincidences of Vibrations, that qua- 
lifies the Ratio for Concordance or pleafing Sound, for elfe 

4 • 7^ 



Of the Nature of Sound. . 89 

Motions in the Air producing them ; but a 

Perfoa 



4 : 7, or 5 : 7, both Difcords, would be preferable to 5 : S/ m 
Concord, contrary to Experience*' 

21 . If one certain String be ftruck, Kk ord4^ to compare th« 
Sounds of others with its own, it is called the Fumlamental ; and 

1 s Note is called the Key^ or KtyNote, A Table of all the 
Concords l;>etween the Ratio of Unifrn 1:1, and the 03aV9 

2 : { , exprelUng the Lengths, Vibrations, Coincidences, Naiiies« 
and Perfediioiis thereof^ you have here fubjoined. 



3 

2 

5 

3 
I 



5 
4 

3 

2 

5 
3 
I 



120 
125 

133 
1 50 
160 
167 
200 



Lengt. I Fibrat\CQin, \ J 

rii :' I 

55:6 

4 4 • S 

3 • 4 

2 : 3 

5 :8 

3 • 5 
I : 2 



j Names, 



I 

6 

5 

4 

S 

5 

2 



100 1000 



I PerfiSiM, 



833 
800 

75P 
666 

625 

600 
500 



Unifon 
Third Lefler. 
Third Greater. 
Fourth. 
Fifth. 

Sixth LefTer. 
Sixth Greater. 
Oaave. 



Mod Perfea. 

ImperfeA. 

Imperfea. 

Imperfect 

Perfea. 

Imperfect* 

Imperfect. 

Perfect. 



22. This Table watits but little iBxpIanation ; take an Ex* 
ample of thi^ 9th ; the Length Q%the Chords founding thi$ 
Concord muft be as 3 to 2p thw Viorations then perforxned in 
the fame Time, will be as 2 to 3 ; the Coincidence of the(<; ^ 
Vibrations will be at eveff ad Vtb||'tion of the Fund8ment4 : 
the Chords which is a 5th, •makei^^o Vibrations^ while th^ 
Fundamental makes ioo« The fame Chord is 666 of fuck 
equal Parts as the Fundamenlfal contains ipoo. It is called n 
Fi/ih, as being the 5 th Note from thei^ indufive ; and is a ?«r« 
/k^ Concord. 

. 23. To divide a Right Line fo as to exhibit the fevcn Coa- 
cords, is very eafy ; for let AB be the given Line (Fig. XXX. 
pn Plate V. fronting /. 75.) divide jt into two equal Parts in C 1 
Und divide QB into two equal Parts i^i P s upd laftly » divide C8 
into (wo equal Parts in £, 



f AC to AB^ 
AC to AD 

ADtoAe 
Theni3<{ ACtoAE V A* 

A£ to AD I 

£B to A£ I 

LAE to AB J 



f I : 2, AnOaave. 

I 2 : 3» A Fifth. 

I 3 : 49 AFonrth« 

A Third Greater^ 
A Third Lcffer. 
A Sixth Greater. 

1^5 : 8; A Sixth Lefler. 




Qf 
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FeribA is little the wi&r for that : I therefore 

refolve 

>«4. Of die& fapvft Coaicordf 9 three of tbenl v^SimpIe, th» 
reft Compound. iThe Simple Concords are 5 : 6» a thirds leis, 
4 i 5 a durdgfe^« aad 3 : 4, *a fourth i for thefe cannot be 
farted into any other Concords, by patting any mean Ntmbgr 
^whether ArkJbmiicml or Uarmamcal) between the Terms of tho 
Katios. 

a5« Bat die etiier fear Concords are oompofed of the Simple 
on^, as is plain by interpofing an Arithmttical or Harmonical 
Meatff or both, between the Terms of the Ratios of thefe Con- 
€ords» as in thf following Table. 

Wiib Arithne^Ual Means. 

A Fifth, or 2 : 3, contains 4 : 5 : 6, a 3d greater and 3d lefi* 
ASixtli,G. or 3 : 5, contains 3 : 4 : 5, a 4th and 3d greater. 
An Odave,oi 1 : 2, contains 2 : 3 : 4,a 5th and 4th., 

With Harmonical Mtans. 

• . • ■ 

AFifth, t : 3 contains 10 1 12 : 1 $, a 3d leffer and 3d greater. 
A Sixth,G* 3 : 5 contains %tiv^\ 20, a 3d greater and 4th. 
AnO£Uve 1 : 2 contains ^i 4 :> 6, a 4th and 5th. 
Alfo between the Terml^of a^JIptii leCer 5 : 8, yon pat the 
Mean 6, it refolves it inflLc : ^9> A 3d IdQfer and 4th. 

26. If between ihe Exonies o| i^e 03nvi 6 : 1 2, we pat 
an Arithmetical Mean 9»jBfefolK4i'it into 6:9:12, A 5tk 
and 4th« If yon pot an HAift^cal Mean S, it refolves it in- 
to 6 : 8 : 1 2, A 4th and jth. Ifooth the Means are interpofed^ 
the Series will be Geometrical,* <p/«. 6:8:9:12. Thus it 
appears that a 4th and cth are the twa Concords that the Oc- 
tave is immediately refonrable into. 

^7. Th^ Relations of a 3d, 4th, 9th, 6th, an (Xtave, td 
the Fundamental 9rt called Primary Relations, and are Concords 
^herewith, as we have feen > Bat the Relations of Concords to 
each other, are called Mufical ReiationSf and thefe ought to be 
all Concord, to make or iland together in Harmony. Thus the 
3d greater, 5th and Octave, make perfe^ Harmony s for the 5 th 
IS to the 3d greater, as 5:6, a 3d leiTer ; the 0£lave to the 3d 
greater, as $ : 8, a Sixth lefier ; the Odave to die 5th, as 
3 : 4, a Fourth. ' But &e 4tb, jA, and Odave, can't make 
harmony, becaufe the Ratio of the 5U1I0 the 4th is as 8 : 9, 
Whi^h is a Pi(cor4f 

t%. H9X- 
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refolve it into the Will, Power, and Goodnds 

of 

28. Harmony is aCompoand Sound^confiftiag of three or more 
Simple Concords in Confonance, and therefote all Difcords^ la 
^he prinuny "iS/At/iWi efpecially, and alfo in the fnutual Rela^ 
fions of the acute Terms of the Ratios, are abfolutely forbid- 
den* Tho* 'tis true, Difcords are ufed in Mujict yet their Uft 
is only to make the Concords appear more agreeable by the Op> 
polition. 

29. The Intertvais of Concords are termed harmomons ; the 
Intervals of Difcords are of two Sorts ; the firft are call'd Com^ 
finnous intervals, becaufe they are fit for Mufic in Combination 
with thofe of the Concords, being in themfeives neither agreeable^ 
nor very difagreeable. They arife from the Differences of the 
Concords. Thus the DifFeirence between a 4th and a, 9th, «f2» 
I and I is 1^ or 8 : 9;/ this conftitutes the Note which is kalVd 
the Second greater from the Fundameniai: and the Difference be- 
tween a 3d greater and 4th is 1$ : i6» and this nukes the «f#» 
^ndleffer^ whichis the very next the tmdamtntal. 

30. The Ratio 8:91$ called a Greater 7oni or Interval, 
9 :io a leJerTone^ and 15:16 b. Semitone, or rather, an Inter* 
val greater than half, and lefs than a whole Tone. Now if 
from a lefer Tone 9:10 (the Di&rence of a 3d leiTer and 4th) 
yon take an 0£tave 1 : 2, there will remain the Ratio $ : 9^ 
which is the Note above the 6th gtetter, *vi%. the Seventh lejfer ; 
and the Seventh greater is the Di Terence between the Semitone 
1$ : 16 and the 06lave -a : 2, <i;i«. the Ratio 9 : 15. And 
thus you have all the Inte^als both Harmonious and Concinnonst 
which cohiUtute the Notes'!^ jAAnt Ufe ; the ReH are all in- 
concinnous, which produce ymr horfh Notes, or grofs Difcords^ 
too bad to be ufed in .Mu&. ' 

3i« The Firil or fW/fUMM/n/ Note of any Tune or Song, is 
called the^ Kgy, as bei^g that to which all the Notes in th^ 
Melody of that Song are referred, and by which they are gOf 
verned and regulated. In this Key the Melody generally be- 
gins, and always clofes. The Key is diftinguifhed into two 
AmA%, vise, the Flat and Sharp Key^ 

32. The F/fi/ Key is that which hath always the 2d greater, 
|d lefTer, 4th, 5th, 6th leiTer, 7th lelTer^^ and 0<^ave ; the Sharp 
Key has the 2d greater, 3d greater; 4th, 5th, 6th greater, 7th 
greater, and Q6iave. Whence it is. plain, that the^ir or Ton* 
of the Melody in the Flat Ke^' is a half Note lovver than it is in 
the Sharp Key ; an^ is therefore mor^ fuited to, and generally 
pfed in the melancholy and mournful, than brijk and airy Tunes» 

%z (be 0^9 K^ ib adapted to. b^inj half a Note higher. 

?J« Thcff 
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of the great Creator, who, doubtlefs, defigncd ' ^ 
the plcafing Harmony and Melody of Sounds 

' » ■ to ' 

, 35. Thtk/even natural Notes are generally rcprcfented by the 
feven Letters A, B» C, D, £, F, G, in a iingle 0£tave. If the 
Key be Bharp^ the 3d, 6th, and 7th above have this Mark (*) 
affixed to the Charaders of thefe Notes to denote it ; As th<ts« 
if A be the Key, A, B, C*, D, E. F*, G» ; Or if the Key be 
Flat, they have thi> Mark (*>), As A, B, C, D, E, F, G b. 

•34. This Divifion of the Odlave is moil Natural, and becaufe 
it contains Utivte greater Tones , two iejfer Tones , and two Semtones, 
is called the DIATONIC SCALE of Mafic, but more vulgar- 
ly the GAMUT, from the Name of the loweft Note therein. 

35. The Gamut contains three Parts called Cli/ts, the Bafi, 
t\it Tenpr, and the Treble CliftSj as reprefented in F/^f.^XXXI. 
of Plate V. fronting/. 75. e^ch Part fingly contains 5 Lines on 
which, and in the Spaces between then^, are wrote the Charac- 
ters of the Notes. The Marks of the Clifts, and Names of each 
Part you there fee exprelTed. Part of the Tenor is commfMi to 
the Bafe below, and the Treble above. 

36. Mufidans, in writing Mafic, ufe various Characters to 
cxprefs Notes of different Length of Time, as Breve, Semthre<ve^ 
&c, any one of which contains two of the next below, in Common 
Time ; but in whatvis caHcd Triple Time, a Semibreve contains 
I i Mi»um, 3 Crotchets, 6 pavers,' ficc. ^ See Fig XXXII. of 
PL/^V* fronting /. 75. 

37.1 have thought it expedient to illudrate the foregoing Ru- 
diments of the Theory of Mu0c, by an Example of an Odave in 1 
the Bafe Clifc of a Spinet, Fig. XXXIII. of Plate VL fronting /. - A 
92. Where you obferve a Scale divided into an 100 equal Parts : ^ 
oppofite to which are placed the Strings which found the 1 2 Notes 
or Semitones of the Odave ; at the lower End, arc the Keys of 
the fev^n Natural Nutes marked with the Letters C, D, E, F, G'» 
A, B, C, between which are the other Keys of the Semitones. 
The Key Note is C, with refpedl to which the Strings of the 
other Keys are proportioned in Length as they are 2d, 3d, 4th, 
^c, to it. On each String are Numbers, (hewing how many 
pKynsil parts of the Scale it contains ; and others which (hew the 
Katio of its Length to that of the Key or Scale. From the Ends 
of the Strings go dotted Lines to the Notes of a Tune wrote in the 
Gamut, in their proper Lines and Spaces. On the left of the 
Scale of equal Parts is the Diatonic Scale, (hewing, both in th§ 
Flat and Sharp Keys, the Ijitervjjs of the Tofffs and Semitones, and 
(heir Order in ^ach. 

^ |8. Thtt$ 
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to fweeten and heighten the PleafureS of hu- 
man Life, and to alleviate and diipel its 
Cares X^ 

38. Thas mttch (hall here fafiice for a fhort Sketch of the 
theory of Mufic ; they who would fee more may read Dr. HoU 
4b-'8 Grounds of Harmony, Salmon^ Theory of Mafic in PhiloC 
Tranf. N**. 302. Malcolnis excellent Treatife of Mufic ; Jaek^ 
fifii large Scheme of Mafic ; and Harriit Lex. Tech. under 
the Word Mt^c ; befides various others. 

X Among all the wonderful EfFefls afcribed to the Power of 
Mafic, nonf is more furprizing and important than that of curing 
the venomous Bite of the li^ian Spider, called the Tarantula. 
The Part bitten is foon affefled with a very acutt Pain^ and a 
few Hours after with a Nimhnefs ; upon which enfues a profound 
Sadnefsy and a difficult Refpiration 1 the Pulfe^ows weak, the 
Sight is difturbed, and the Perfon lofes Knowledge, Senfe, and 
Motion. The Do£lor is confulted in vain ; the Mufician here 
alone performs the Cure ; he tries a Variety of Airs, and when 
he chances to^hit on that Harmony that accords with the Patient, ' 
he begins to move by Degrees, and keeps Time with his Fingers, 
Arms, Legs and Body ; then he raifes himfelf up and dances, 
increafing in Strength and Adivity. This dancing Fit conttnnes 
6 Hoars, or a Day, or fometlsws two^Days. When the Mufic 
ceafes, die Perfon gives over dancipg and is put to bed,* This 
Procefs is repeated till the Patient has recovered himfelf, which 
is by little and little; and every fick Perfon has a particular 
Air or Tune, and always a very fprightly one. See Philofo- 
phical Converfation, Vol. II. Conv, 15. Alio DirbafH'% Phy- 
fico-Theology, Book IV. Chap. HI. Makolmi Mafic, Chap. 
XIV. S' J. &c. . 
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CHAP. IX. 

i^f GRAVITY and Levity : Of At- 
traction and Electricity. 

!^T[1[THAT is meant by th€ <?rim/y of 
W JBodics ? 

J5. That Property, Power, -©r Forcc^ where- 
(by dU Bodies tend doWhwards, in xight Linesi 
tb the Gentcr of the £arth« 

^. Is not this what is called the Weight of 
£odies ? 

jB. No; fbrthc ^;^i&f is prpperfy the Ef* 
ifeift of Gnaaoityy or the Meafure or C^jwliiy (xi 
*this Power acting on them, 
. Jl. How do ypu diftinguifli the Kinds of 
djiis Pr<^f ty ? 

B. Into abfolute and fpecific Grtfa;//y. 

ji. What is abfolwte 'Gravity f 

B. All that Power whereby a Body tend* 
towards the Center of the Earth. 

jf* And, how doth fpecific Gravity differ 
therefrom ? 

B. The fpecific or relative Gravity^ is that 
which is peculiar and appropriate to any dif-^ 
tind Species of Bodies, and diflinguifheth 
them from others, when compared with 
them. 

ji. What is the Meafure of Gravity in Bo- 
dies ? 

JB. Their 
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B. Their <^^uantity of Matter ; for their 
tVeigbt or Gravity is always proportional there- 
to. 

A. Pray what do you call that Point to- 
wards which Bodies naturally tend ? 

B. The Center 6i Gravity^ which is very 
near the Center of our Earth, for all Bodies 
within its Verge of Pow^r : And thus the Cen- 
ter of Gravity of the Planets is faid to be near 
to the 'Center of the Sun, about which there- 
fore they all circulate *. 

A. In what Manner doth this Power of 
Gravity adl on Bodies ? 

B. Equally and abfolutely on all alike, with- 
out Regard to their Figure, Size, or Qiianti^ 
of Matter. 

A. If fo, one would think all Bodies would 
defcend with equal Velocity or Swiftnefs.. 

B. So they would in Reality, were it not for 
the Reiifiance of the Air. 



* The common Center of Gravity of two Bodies is a PoioC 
fo fitaated in a Right Line joining their Centers, that their Dlf- 
tances from it on each Side are reciprocally as the Quantities of 
Matter in the faid Bodies. 

Example^ Let A be a Body of 12 lb. and B another of 4 lb; 
join their Centers by the Line AB ; then fay, as A •{• B : A : : AB 
: BC, that is. As the Sum of the two Bodies 1 6 lb. is to the greats 
«r 12 lb. fo is the whole Diftance AB, to the Diftance BC^ 
which gives the Point C, the common Center of Gravity be« 
cween them. If a third Body D of 6 lb. be added« to find the 
common Center of all the three Bodies A, B, and C, fay j As 
'A«|*B*]« D : D : : CD : CE, which gives £, the common Cen- 
ter of ail their Gravitation. In this Manner you find the common 
Center of Gravity for any Number or Syftem of Planets. 

For the common Center of Gravity of Lines, Superficies^ and 
Solids, fee Wallis*s Mechanics, and other Writers on the mecha* 
•nical andexpedmental Philofophy; particularly T>t*Defyguliiri*% 
Courfe, Vol. L Left. ill. and ad. 

A. This 
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jt^ This is a ftrange Aflertion! Pray how' 
do you prove it ? 

B. By the Air^Pump : for put the hghtcft' 
Feather and a Guinea together in the Receiver, 
holding them faft at the Top till the Air be ex- 
haufted, then letting them go, you will per- 
jceive them defcend to the Bottom in the fame 
Moment of Time, and. with . incredible Swift- 

A. This is, indeed, very curious and won- 
derful, and almo{| paft Belief, that the light-^ 
eft Bodies fhould defcend as foon as the hea- 
vieft I "f. 

jB. Yes, they will in Vacuo indeed ; but ip 
the refitting Medium of the Air, Bodies gravi- 
tate towards their common Center, and one a-^ 
noidief, according to their different Quantity 
of Matter contained in them, as I faid before. 

A. What, iS/r, do you fay that Bodies gra- 
vitate towards one another ? 

B. Yes, they do: The Moon gravitates ta 
the Earthy and fo does the Earth to the Moon j 

• 

•f- This may fccm wonderful at firft Thonght, but the Wonder 
will foon ceafe if we only confider, that each equal Particle of^ 
Matter is a£led upon by an equal Force of Gravity, and that 
therefore every fuch Particle in one Body muil needs defcend 
with the fame Velocity that ^wesy fuch Particle does in another^ 
Coi^fequently, if the Matter of the Feather confiH often Particles^ 
and that of the Guinea ten Thau/and, \t is plain, that iince 
.there is i opo Times more Particles in the latter*Cafe to be moved 
than in the former, there will be required a thoufand Times 
greater Force of Attradion to move the Guinea, than to move 
the Feather, with the fame Velocity ; but this is all the Force 
tbat can poffibly affedl the Guinea ; the Velocity of Motion there* 
fore in both Cafes muft be the fame ; 'tis the Quantity of Mo- 
^ tioB only in the G uinea which is a i ooo Times greater than that 
ef the Feather. 

thef. 
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the Satellites' of "Jupiter and Saturn to them ; 
and Jupiter and Saturn gravitate tp the 5^- 
tellites 5 yea, the Earth gravitates or moves to- 
wards the Stone that falleth, as well as the 
Stone gravitates or moves towards the Earth. 

A. Aye, indeed ! why then, if the Earth 
moves towards all Bodies falling on it, how is 
it that we can never perceive it ? 

B. By Reafon of the vaft Difproportion of 
Matter in each ; for fuppofe a Stone of 100 
folid Feet in Magnitude, let fall from a 
Height, equal to our Chicbejier Spire, viz. 300 
Feet J then becaufe the Globe contains about 
300000000000000000000000 folid Feet, and 
fuppofe the Earth every where to be of the 
fame Denfity with common Stones, then the 

, Quantity of Matter in the Earth will be to the 
Ciuantity of Matter in the aforefaid Stone of 
100 Feet, as 300000000000000000000 to i - 
and therefore while the Stone falls 300 Feet 

the Earth will move towards the Stone the 

300 1 

3coooooooooooooc>ccx>oo 1 000000000000000000 J^^rt Ol a 

Foot ; which is fo very fmall a Matter as to be 
not only imperceptible to the Senfes,'but incon- 
ceivable by the Imagination. 
. A^^ Very fmall -indeed : But, Siry now we 
_ are upon the Defcent of heavy Bodies, pray 
at what Rate of Velocity doth a Body dcfcend 
to any given Diftance downright ? 

J5. The perpendicular Defcent of Bodies, is 
at the Rate of i5*Feet in one Second of a 
Minute; and for all the following Seconds, 

G the 
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the Spaces are as the Square of the Seconds t 
Thus, fuppofe a Body keep falling.!, 2, 3, 4^ 
&c. Seconds, the Squares of thefe Times will 
be I, 4, 9, 16, &c. and the Spaces pajSed thro' 
at the End of each will be 15^ 60, 144,, 240, 
C^c. and the exa6l Number of Feet pafled 
thro* in each, fingle Second will be as the odd 
Numbers, i, 3, 5, 7, &c. that i§,. 15,. 4 5, 7Sf 
105, &c. Feet ; all which is diftindly and na- 
turally feen in the Line AB, Fig. XV, of Plate 

VllL fronting /?. 140 :J:- ji. I» 

J If then a Body were projcfled or thrown from the Point A, 
in the horizontal Direction A6, it woald, in an unrefifting Me- 
dinm, and without Gravity, proceed with an uniforni Motion f 
and, in equal Time?, defcribe equal Spaces AC, C£, EG, GB» 
^c. But, iince all Bodies- have Gravity, the fame Body A 
^ould with its Gravity alone, in the fame equal Times aforeiaidy. 
defcend thro' the Spaces Ac, eg, eg, gh^ &c. Draw C]>, equal 
and parallel to Ac, and cD the fame to AC ; then becaufe th« 
Body A is lixgt^ with two Forces, one in AC, the other in Ac, it 
will be carried in a Diredion between both, and at the End of tlnr 
. lirft Moment will be found in P 'the oppofite Angle of the Pa- 
rallelogran* Ac DC, (according to Note f in Page 54.) Thus' 
in two fuch Moments, while it would have defcribed twice th« 
horiziontal Space AE, or four times the perpendicular Space Ae, 
by iingle Forces, it would by Compoiition of thofe be found- 
in F. And Ta ifter three fuch Moments it will arrive to H y 
after four taK, Jiff. Now fince Ac, Ae^ Ag, Ab are as the 
Numbers i, 4, 9, 16, th'^y are as the Squares of the Lines cD, 
cF, gH, bK. But this is the common Property of the FsiruhoU, 
as all Writers on Conies demonftratq. Therefore all FrojeSiiksp 
Or Bodies thrown in aay Diredlion, defcribe the Curve ol*'a Pa- 
ri?^c/<2 in Iheir Defcent. 

2. On this Principle depfends the Ari of Gunnery; let AH 
be a Cannon (Fig. XXXVl of Plate Mil, fronting p. 99.) ele- 
vated above the horizontal Leytl AM, in the Angle BAM ^ 
A Bomb difcharged from the Mazzle A will leave the re&ili- 
neal Ditedlion AB, and defcribe the parabolic Curve AIM, 
Am is the Amplitude of the Projedion,' or horizontal Random 
of the Bomb ; 1 1, i» the Height thereof. Now a fkilful Engi- 
neer knowing the Dillance of an Objeft^ as the Spire S, can fo 

propoi?- 
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A. In what Manner or Propo^tiot^ does the 
TFleigbt of Bodies increafe or decreafe, with 

Refpea 

proportion the Charge of Powder, and the Elevation of the 
Mortar, that the projed^d Bomb M (hall defcribe fach a Para- 
bola AIXy as ihall pafs through the propofed Objed Sv whidi 
therefore maft be Hit by the fiomb in its Courfe thro' that Curve. 

3. Since a Body falling freely, defcends with a Motion equal* 
bly accelerated in equal times, as proved by Experiments, and 
evident toReafon ; and alfo iince the Motion o/ a Body defcend- 

^ . ing upon an inclined Plane is of the fame Kind, as the Mathe* 
maticians prove (See KeilPs Introd. Page'207.) The Forces by 
which two Bodiea A, B, defcend, one of which falls freely, the 
other B runs down an inclined Plane, if they begin to move in 
the lame Moment, are always to one another in the fame Ratio, 
as in the Beginning of the Fall, which Ratio is as the Length 
of the Plane AE to its Height Al> (Fig. XXXVII. of PiateVlL 
froBtiiig p. 99.) See the laft Article of Note f , in Page 54/ 

4. T^e EffeSs of thofe Forces, therefore, that is, bhe Spaces 
faffed thro' by thefe Bodies in the fame Time, are in the fame 
Ratio of the Length of the Plane to Us Height, On the Height 
of the plane AD defcribe a Semicircle ACD, this will cut th^ 
Plane in C ; join CD ; then, fince the Angle at C is a right 
one, the Triangles AED and ADC are £mi]ar; and fo the Ra- 
tio of the Side AD to AC is the fame as of the Side AE to AD. 
Coafequently, while the Body A defcends freely to D, the Body 
will defcend on the inclined Place to C. 

5. In the fame Manner it is fhewn, with Refpe£t to any othef 
indined Plane AED, that while a Body A falls freely the per- 
pcfidicolar Height AD, the Body B let go at the fame time, 
wiH arrive on the inclined Plane to the Point G. But A D ii 
the Diameter of a Circle, and AC, AG iwo Chords in the fame i 
therefore a Btufy fails thro* the Diameter or any Chord of a Circ^U 
in the fame Time. 

' 6. Let CB be a String with a Weight B at the End, hang- 
ing freely from the Point C, (Fig. XXXVIII. of Plate Vil 
fronting p. 99.) this is called a Pendulum. Let the Weight B be 
bfovght to the Point D, and there let go, it will by its own 
Gravity defcend to its firft Place B, ai||^ then with the Velocity 
acquired in that Defcent will afcend to E. (o that BE, will be 
equal to.BD ; and this Motion or Sowing of the fiody from D to 
E & called a Vibration. 

7. T\it Bob or Ball of any P,endul^m^ vibrating freety, d^* 
feibcs the Arch of a Circle as DBE, who'e Diameter AB is 
tviice the Length of tihe Pendulum CB. If the Arches l^Y>y BE, 

G 2 art 
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Refpedl to their Diftance from the Center of 
Gravity? ^ ' 

B. The 

arc very' fmall, they do not fenfibly differ from the Chords BD, 
BE ; there the Defcent of a Body thro' a fmall Arch and thro* 
its Chord is performed m the fame Time, as far as Senfe can 
difcern. Bat the Defcent of Bodies in any Chord is in the fam^ 
Time, and therefore all Vibrations of ^he fame Pendulum^ tbo* 
Mtiequai^ are performed in the fame Time, 

8. The Velocities acquired in the Ipweft Point B, by a Body 
defcribing different Arches DB, KB, are as the Stwtenfes or 
Chords of thofe Arches. See KeilP^ Introd. Left. 15. Theor. 
37, and 43- ^ , 

9. The Times of the Vibrations of two Pendulums^ CB and 
d, (Ftg. XXXVIII. and XXXIX. of Plate VII. fronting /. 99.) 
are in the fuhduflicate Ratio, (i. e. a» the Square Roots') of their 
Lengths, for the Body defcends from D to B', in the fame Time 
it would fall freely thro' the Diameter of the Circle, /. e, twice 
the Length of the Pendulum^ therefore it performs one Vibra- 
tion from D to E in the fame Time that it would fall by the 
Force of Gravity thro' 4 Times its Length CB. Thus alfo the 
Pendulum cb vibrates from dxo eiu the fame Time it would fall 
freely thro' 4 Times its Length c b. But Spaces pafled thro' in 
this Cafe, are as the Square of the Times, and therefore the. 
Times are as the Square Roots of the Spaces. Conf:quent]y» 
the Time of a Vibration thro' DE, is to the Time of a Vibration 
thro' de^ as the Square Root of 4 Times CB to the Square 

, Root of 4 Times c b, or as the Square Root of CB to the Square 
Root of eb. 

10. It has been found that a Pendulum, which (hall vibrate 
Seconds of Time in our Latitude, mult be 39 ^^ Inches in 
Length ; if then it be required to find the Lehgth of xPendulum^ 
that (hall vibrate half Seconds ; fay, as the Square of i (which 
h i) is to the Square of J (which is |) fo is 39^ to 9^! Inches, 
the Length of the Pendulum required. Thus the Length to 
vibrate Thirds of Seconds will be found 4t|2 Inches ; and the 
Length to vibrate quarter Seconds will be 2y§| Inehes. 

ii« From hence it appears, that a Pendulum is an univerfal 
Chronometer, and that by it a Perfon may meafure Time very 
truly when deftitute of m Clock or Watch. For hang up an^ 
String with a Bob to it, and let it vibrate ; then having num- . 
bered the Vibrations' performed in the Time propofied, fay, as 
39 T^ is to ^^ Length of the String, fo is 1 to a Number, 
whofe S<iuare Root is the Time of i Vibration made by the 
Pendulum, which ndnltiply by the Number of Vibrations, and 
you have the whole Time required. So that you divide the 
.3 Length ' 






Of the Gravitation and He [cent of Bodiei. iot 

B. The TFeight of Bodies is reciprocally as 
the Squares of the Diftances from the Centet 
of Gravity. 

A. I (hould be glad if you could exemplify 
this to my Apprehenfion. 

B. That I c^n eafily: Suppofe ZPNS the 
Globe of our Earth, and its Center Q the 
Center of Gravity ; let there be a Body placed 
on its Surface at Z, whofe Weight let be 3600 
Pounds ; then if this Body be removed to the 
Diftance CF, two Semi-diameters of the Earth, 
you have its Weight there .by this Analogy, 

Length of the Pendulum by the conftant Number 39 yj, and 
take the Square Root of the Quotient for the Time of a Vibration* 

1 2.. Let AB (Fig. XL. of P/ateVll, fronting p, 99.) repre- 
fent an uniform Bar of Iron, or any other Thing ; let this be 
made to vibrate ; and with it hang up a common Pendulum 
CD that ihall vibrate in the fame Time with it : the Length of 
fuch a Pendulum CD will ever J^e found equal to AG, which is 
f of AB. This Poirtt G is therefore called the Center %f Ofcilla^ 
iion ; and has the fame Effect as if all the Weight o^ the Bar were 
coUeded into it : Confequently, if that Point of the Bar be made 
to Ihike an Objedi, the Blow will be greater than from an^ 
other Point ; for which Reafon it is alfo called the Center of Per* 
€i{pon^ 

1 3, 'Tis faid, that Ricciolus was the Firft who m^fured Time 
with a Pendulum, and that herein he was followed about thd 
fame Time by V^ndelinus^ Mercennus^ KircheruSf ice. fome of 
whom declared they knew nothing of Riccioliu^s Attempt. But; 
the firft who applied it to a Movement, a Clock, br Watch^ was 
the famous Mr. Chrijiopher Hugens, who brought it alfo to a 
£Ood Degree of Perfc&on. See Lex, Tech, Magnum, under the 
Word Pendulum ; and moft mechanical Writers on this Subjefl. 
As to what farther concerns the DoSirine of Proje£Hles, I fliall 
leave that to the Chapter of Hydroftatics in the lail Part of this 
Book. And for a compleat Theory of the faid Do£lrine, I refer 
the Reader to KeiiP^ Introdu^on of Natural Philofophy; and 
for the Praxis thereof, or its Application to the Art ofGun^ 
nery, he may confult the young Trigommeter^ Guide^ Vol. I^ 
Part II. Chap. V. 

G 3 . 4U 
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4:1: : 3600 : 900. If the faid Body were removed 
three Semi-diameters to E, the fame Analogy 
finds its Weight there, viz. 9:1:: 3600: 400, 
And at the Diftance of fix Semi-diameters the 
Weight thereof will be but 100 Pounds; for 
36 : I : : 3600 : loo. Thus, at the Diftance 
of I » 2, 3, 4, 5, 6 Semi-diameters from the 
Center of the Earth, the Diminution of the 
Weight of fuch a Body would be as thefe Num- 
bers, 3600, 900, 400, 225, 145, I op. Thus, 
on the contrary, Ke who beareth 100 Pound 
Weight on the Earth's Surface, would, with 
equal Eafe, fuftaiin the Weight of 3600 Pounds, 
at the Diftance of 6 4 Diameters, at A. Sec 
Fig. XVI. on P/ate VJII. fronting/. 120. 

^, After fo much of the Gravity of Bo- 
dies, let me know what the Philofophcrs fay of 
the Levity of Bodies ? 

B. There is no fuch Thing, philofophically 
fpeaking, as abfolute Levity or Lightnefs ^ this 
is only a comparative Term, and implies no 
more than . the Difference of the Weight of 
Bodies compared together, or their ipecific^ 
Gravity. 

A. Pray, what Diftindtion do you make 
between Gravity and Mtradlion t 

B. In the Nature of the Thing there is no 
Difference, they are both one and the fame 
Principle, only in the Manner of confidering 
it this Diftindion arifeth 5 if we reiped it in 
the Body, containing the Center of Gravity, 
we call this Power ^ in that Body, AttraStion ; 
but we call it Gravity in Bodies whith are 

moved 



Of AttraSiion, 105 

moved toward that Center, or Body, wherein 
it is: Thus the Earth is faid to attract Bodies 
on it, or falling on it 5 arid thofe Bodies are 
feid to gravitate towards the Earth 5 fo the 
Loadjione attracts Steely and the Steel gravitates 
to it *• 



* ATTRAXJxroN i«, by the Modem Thihfoplers^ confidered 
twofold, «v/2. (1.) AuraSim of Gra^fitatioTiy wh»^reby one Body 
affeds another at a DiAance, and cauies it to gra^viiate towards 
itielf ; which is what I have above confidered ; a^d concerning 
which the Reader may fee abundance in Lex, Tech, Mag, ood.ef 
this Wofd. (2.) Attra£lion <f Cohefion^ which we find only 
among the ye,ry fmall Particles of Matter in Bodies, and of 
which I ihall here enumerate the chief Properties. 

1. This Force is then greateft when the Particles are in Cofli* 
ta£l, or touch each other. 

2. In homogeneous Particles, the greater the Surface of Con* 
taft, the fironger the Force. 

3. The Sphere of this Attra£Hon is inconfiderable at any fen* 
£ble Dillance from the Particle. 

4. The fmaller the Diftance* the ftronger the Force, whick 
is very great at very fmail Diftances. 

$. This Force decreafcs nearly as the C«^£r'of t&e Diflanca 
increafe ; and not as the Squares thereof, as in the other Sort of 
Attradiofi. 

6. This Force is proportional to the Quantity ^f Matter in 
Particles. 

1^ 7. Confequently the denfell Particles wliofe Surface of Con* 
ta^ is largeft, hath the grcateft AttraQihn of Cohejion, 

8. In Particles of the fame Kind, or equal Denfity, the At* 
tra&ion is ftronger between fmall Particles, than the large; 
becaufe in thofe there is a greater t^antky of Surface than in 
thefe, efpocially if they are of a fpherical Form. 

From this Prope/ty of Matter proceed many wonderful and 
carious PhsBnomena, which aie eafily accountable for on this 
Principle. As, 

1 . The (If ong Cohefion of the Particles which compofe kXA 
•r hard Bodies ; for wkhoot this Power, the hardeft Adamant 
would inflantly difTolve into an impalpable Powder. 

2. The prodigious Coheiion of poliihed Surfaces, as of Glafs. 
Stones, Metaii, i^c, Thua two leaden Balls pared with a (harp 

G 4 Knife, 
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A. Is this Power of AttraSiion the fame in 
all Bodies, of the fame Kind, of equal Denfi- 
ty and Magnitude ? 

B. Yes i 

Knife, To as to cutofTa Segment about \ of an Inch Diameter, 
if they arc prefTed together (giving them a little Twift) pretty 
hardy they will require the Weight fometimes of \oolb. to fe- 
parate them. That this is not owing to the Air is plain, be- 
caufe they are not feparated in the exhaujled Recei'ver, 

3. By this Power, JLifft/ViEr arife into the Subftance oi Breads 
Sugar, Spungip and all very porous Bodies. 

4. On thts Account alfo Liquids rife on the Sides of contain* 
iag Vefiels, and about the Surface of Bodies floating therein, to 
a hnaH Height above the common Level. 

5* Particularly on this Principle, and no other, can we ac« 
couot for the j^/cent of Liquids in capillary Tubes of Glafs to fo 
Gonfiderable a Height above the Surface of the Liquor in which 
they are placed, contrary to the Laws of Hydraulics i the 
Heights to which Water will arife in different Tubes, are reci* 
procally as the Diametei's of the Bores of thofe Tubes, and ^e 
Quantities of Water drawn up, are diredlly as thofe Diameters^. 
See Grawefande\ and Dr. De/agulier\ Courfes 5 Wehfter% Prin- 
ciples of Nat. Phil. Page 17. Rowning's Comp. Syftem. Harriis 
Lex, Tech. undei^ the Word AUra^Han, ' 

6. By this Means, the Water in the Veffel BC (Tig, XLI. of 
Tlate VII. fronting f, 99.) will arife between the two poliihed 
glafs Plates, AC, Ae, being fet therein touching each other on 
the Sides AB, and open a little on the other Sides ^ the Figure 
of the Water between the Plates e f g, is that of an Hyperbola. 

'7. When Particles of Matter of different Denfuies, Quantities 
of Surface, and confequently, of different Attra£tive Powers, 
are mixed together, they willneCeffarily attract, agitate, and 
move each other in various wife, and with incredible Velocities 
in many Cafes ; from henco will arife Fermentctions^ Ehullitiom^ 
ExcaUfcencies^ Fufionsy DiJJolutions^ Cryftalliza^ionsy and Other 
fuch like EfFe^s known in Chemiftry. 

8. But among the fmall Particles of Matter, there is not on- 
ly an attra^iive Power, but alfo a repelling one, whereby they 
are made to recede and fly from each other ; and this Force it 
tBaied Repuijsen, 

9. Repulsion begins where Attradlion ends, and encreafea 
a^ the Diflance of Particles decreafe. 

10. Particles attra^ed moll ilrongly within the Sphere of its 
Power, are repelled molt forcibly when without it. 

1 1 . From 
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5. Yes ; but in all fuch Bodies, the lefs any 
one is than another, the greater is its attradt- 
ing Jporce ; fo the magnetic AttraSiion is llrong- 
er in a fmall Loadjlone^ in Proportion to its 
Weight, than in a larger one. 

A. What is the Cpnfequence of this ? 

j5. Sir Ifaac Newton has found, by Calcula-*' 
tion, that, as the Particles of Light are the 
leaft Bodies we know of, fo their AttraBion 
is looooooooooooooo million of milliqns of 
Times greater than that of the Earth, on the 
Earth's Surface ; according to the Quantity of 
Matter in each, and the afore- mentioned Ve- 
locity of Light. 

A. Pray, 5/r, what do you undcrftand by 

EkSlricityf? / B.A 

« 

II. From the great Degree of this repalfive Power in Oif, 
Guafe, &c. arifes the great Difficalty of mixing thofe Bodies 
with Water ^ fo as to make their Parts touch and ftick together: 

I z. This Power is fmall between Glafs and W4Xter ; greater 
between Glafs and ^md^hver ; ftrong between ^ickfiher and 
Copper i ilronger between ^kkfilnjer and polijhed Steel i bat 
weaker between ^mckfiUver and Gold. 

13. From this Principle it is that a dry Needle fwims upon 
the Water ; and that Flies^ ^r. walk and rui^ thereon without 
wetting their Feet. 

14. Let there be two Balls of Wood A and B^ the one 
wetted all over with Water, the other with Oil ; let thefe be 
put into the Veffcl of Water CD, and the different EfFefts of 
the aitraSive and repulfive Powers of Matter and Oil will be- 
come very vifible; the Water in one Cafe riiing by AttraBion 
^bove the common Surface ; and in the other it is forced below 
it hy Repulfion. See Ftg. XLII. oi Plate V\h fronting'/. 99. 
See more concerning AttraSion and Repulfion of Particles in 
Webfter's Principles, GraFvefande^% Elements, and Dr. Defagu- 
tier's Conrfes of experimentjil Pbilofophy^ and alfo the Leje* 

r Tick under the Word AttraBion, 

f Electricity confifts of an AttraSiion and Repulfion 
pretty much of a like Nature with thofe in the foregoing 
^ Note, 
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J?. A certain Kind of attraflivc f^^aculty, pe- 
culiar to fomc Bodies, as Amber ^ Jet^ Seizling^ 

Wax, 

Note. The prirKipal Properties of thefe wonderful Qoalities of 
Bodies are as follow. 

1 . It exifts of fine myifiUe Efflunfia^ fappofed to be of aa 
mftiums and (Mly Nature, which are excited by Attrition, or 
Rubbing the ele^rical Body till it become warm. 

2. Snch ^odils warmed by the Fire only, do not attrafl fa 
Ibrcibly as when heated by Robbing. 

3. If a Glafs Tabe be firft warmed by the Fire, and then 
lieated by Attrition, it will attradl moft fpeedily and powerfully. 

4. Terjion^ or Wipirg, is alfo neceflary as well as Attrition or 
Rubbing* to procure Eic£iriciiy^ for this frees the Pores for the 
better Emiffion of the Efflwvia, 

" 9. This EfHidl is much weakened if the Weather be thick 
and cloudy. 

6. The Int^pc^tion of the fined Unnen or Paper will hinder 
the A£^ion of EleSiricity ; whereas die magnetic Virtue pervades 
all Objeas. ' 

7. EleBrical Bodies attradl all Things indifferently, the Loai- 
fione only Iron and $teel. 

5. If a Glafs Tube be rubbed in the dark, the Effluvia will 
appear liicid \ and if a little^ Bruih be held near the Tube, of 
•drawn along it without touching, jufl after it is rubbed,^ Sparks 
of Light like Stars will appear upon every Hair of the Bm(h. 

9. If when a Tube is juH rubbed, your Hand be brought 
along down very near by the Tube* it virill prevent its Efedt. 

10. If th« Fingers be moved nimbly by the Tabe, as if yon 
went to flrike it in a Dire^ion perpendicular to its Axis, tho 
Effluvia wilt be heard to fnap againft the Finger, or (beat 
back from it) againft the Tube, like the Crackling of a green 
Xeaf in the Fire, bat not fo loud. 

1 1 . In hot and moill Weather the Tube requires a great deal 
of Rubbing before it will fnap, and its Virtue wiU then diffhfo 
itfelf but a little Way, for what it will when the Weather h 
dry and cold. 

12. In fine dry Weather, the Eledb^ical Virtue will attrkft 
at the Dillance of 8 or 10 Feet : In dofe moift Weadier not 
above the Diftaoce of z Feet. 

13. After a Feather is attracted, and has Hack to the Tube 
feme Time, it will fly off, or be repelled, and never retarif to 
the Tube again till it has touched fomc other Body, 

14. If 
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JFaXy Glafs^ &c. whde Particles arc fuch, 
that being greatly rarified and agitated (by the. 
Heat occafioned by' Attrition^ or Rubbing of 
them) they fly off to a certain fmall Dillance, 
but not beyond the Sphere of the Body's At^ 
traSlion \ and therefore, by this AttraSiion^ 
they are obliged to return again to their old 
Quarters. 

A. Why then, I fuppofe, it is by their Fly- 
ing off, that light Bodies, as Feathers^ Hairs^ 
&;c. are repelled from the eledrical Body ; and 
by the Return of thofe Particles, they are a- 
gain inftantly compelled back, and ^attached to 
the faid . Body. 

B. Yes, that is the Cafe, as underftood at 
prefent ; but for the real Caufe of AttraBion 
or Gravity in general, Sirl/aac Newton pro- 
feffeth himfelf entirely ignorant of it ; even 
tho' he makes this Principle of AttraSfton ix 
Gravity the Bafis «ij[all l?is Philofophy : Where- 

14. If the Finger, &r. be held near the Tabe, the Fca* 
ther will alternately fly frdbi the Finser to the Tube ; always 
ibretching out its Fibres towards the Objed it flies to embrace. 

1 5. Mod, if not all thefe EfFedts fucceed in Facus, onty the 
Light excited by Attrition will be of a purple Colour^ in 
a much greater Quantity, and all within the Glafs. 

16. An exhaufted Tube lofes all its Virtoe externally, which, 
in this Cafe, is wholly exerted within the Tube. 

See a great Number of curious and farpnzing Experiments 
concerning Elef^city in Mr. Haukfiet*% Book of Experiments ; 
DefaguHers, and other Writers on Experimental Philofophy s 
Chambtrs^ Di^onary, and Harris*^ Lexicon, under the Word 
BUaridtj I and feveral Nambers in tl\e Pbslofcfintal "Tranjac* 
tionf. 

fore 
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fore let us now difcourfe of fome other Pro* 
pertics of natural Bodies J. 

C H A P. X. 

<y Transparency and Opacity, Den- 
sity and Rarity, Hardness and Soft- 
NEiss, Rigidity, and Flexibility in 
Bodies. 

ji. O I R, I thank you for your Inftrudtions 
1^ concerning Gravity and AttraSfion^ and 
ihall be very glad to hear you farther on the 
other Qualities of Bodies ; and firft, what 
may we underftand by the Tranfparency and 
Opacity of Bodies ? 

J5. Tranfp'arency is that Quality of certain 
Bodies, whereby their" Subftance is enlightened, 
and Objefts appear vifible through them, as in. 
Glafs^ Cryjialy &c. and therefore thofe Bodies 
afc called Tranfparentj P^cid^ or Diapha-^ 
nom^ all which Terms imply the fanie Thing. 
Opacity is the Quality oppofite hereto ; and 
thofe Bodies are faid to.be Opake whofe Mat- 
ter is not tr'anfparent^ or through which Ob- 
jcfts are not vifible. 

X Sir Ifaac'% Words are ** Hitherto I have expounded 

*' the Phenomena of the Heavens^ and of the Ocean^. by the 
** Power of Gravity ; but the. Caufe of Gravity I have not yet 
" affigned/'-— Again, fpeakine of the Laws of Gravity, he 

«« fays^ " But the Reafon of thefe Properties of Gravity I 

** have not been able to dedoce from Fhtenomena^ and I frame 
no Hypothefes.— ; — It is enough that Gravity doth adually 
exift, and acts according to the Laws I have explained, and 
'< is.fufficient to account for all the Motions- of the heavenly 
•« Bodies and the Sea/' Frincif. Pbilofopbia^ Edit. 3tia. Pag, ult. 

A. Pray 
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A. Pray what is the Caufe of thefe Qualities ? 

B. /The Caufe of Tranfparency is , owing to 
that Conftitution of Bodies which admits the 
Rays of Light to pafs through their Pores in 
right Lines, and in all Diredions whatever ; 
and on the contrary. Opacity is the Effect of 
Light obftrufted in its Paflage through Bodies^ 
or of that which is not tranfmitted in right 
Lines *^ 

u^^-It fe^ms to follow from hence, that the 
Matter of tranfparent Bodies muft be very lit-* 
tie in Proportion to their Pores. 

B. Very little indeed ; fo little, that a cele- 
brated Philofopher queftioned whether the 
Quantity of Matter in Glafs were more in Pro- 
portion to its Bulk, than one Grain of Sand to 
the Bulk of the whole Earth "f . 

A. In what Proportion are Bodies tranfpa^ 
rent ? 



* Sir I/aac Neivton, in the Propofitions of his fecond Book of 

Optics,, fhews, That the lead Parts of almoft all natural 

Bodies ^re in fome meafure tranfparent, and the Opacity of 
tho^e Bodies arifes from the multitude of ReBexions caufed ia 
their internal Parts. Alfo, that the Parts of Bodies and their 
InterRices muft be of a definite -Magnitade to render them 
bpake and coloured ; iince the opakeft Bodies, if their thin 
Parts be fubtily divided, (as Meta/s difToived in acid NUn^rimms, 
Jbfc.) become tranfparent Again, opake Bodies (he fhews) 
become tranfparent by filling their Pores with any dubitance' 
of equal or almofl equal Denfity with their Parts. Thus Paper 
clipped in Water or Oil, the Oculus Mundi Stone fteeped in Wa- 
ter, Linnen Cloth oiled orvarniihcd, and many other Subffances 
(baked in fuch Liquors as will intimately pervade their little 
Pores, become by that Means more tranfparent than other- 
wife. See more to the fame Purpofe in the fame Place. 

f Dr. Keillf'm his Introduction ; Lect, 5th. Page 6^, 

B. Ia 
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B. In Proportion to the Rarity and Denjity 
of Matter. 

ji. What do you call the Rarity and jD<?i7- 
fity of Matter ? 

B. By Rarity is underftood the Thinnefs of 
the Particles of Matter ; and by Denjity^ the 
^bicknefs thereof; in Refped: of the Bulk of 
Bodies. 

A. Then the Denjity of Bodies hath Regard 
both to their Matter and Magnitude^ I .under- 
hand by this ; but what is the Proportion ? 

]B. The DenfUies of two Bodies are in a Pro- 
portion compounded of the dircift Proportion 
of their Quantities of Matter, and a reciprocal 
Proportion of their Magnitudes. 

jd. I believe I could better apprehend you, 
if you'd plcafe, 5/r, to exemplify this Matter. 

B. I will : Thus fuppofe A be a Body which 
hath 8 Parts of Matter, and 5 Degrees of 
Magnitude ; and B be a Body having 2 Parts of 
Matteri and J o Degrees of Magnitude ; then 
the Denfity of A will be to the Denfity of B, as 

-rX V=+S=: f, thatis, = ^=!-,orA:B:: 8: 

I ; therefore the Body A's I)enfity is 8 Times 
greater than the Denfity of the Body B %. 

A. What 

X Let Fig. Llir. cfPlauVll, fronting Pagtf^, illuftratt 
this Example ; and fince the Denfitiet of A and B sire in the 
compoand Ratio of the Quantities of Matter dire£lly, and of 
their Magnitude reciprocally ; it will follow, 

2. 1'hat their Balks are as dirtd\y as the Qoantities of Matter 
compounded with the' Denfities reciprocally. 

3. That the Quantities of Matter will be in the compound 
^atio of^ the Bulks into the Denfities diredllv; 

4. If 
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A. What Means are thofe Qualities moil of 
all increafcd or diminifiied by ? 

B. Heat and Cold ; for Heat by diving, ex- 
tending, and expanding the Particles of Bodies^ 
doth attenuate and rarify them, . and this is called 
RareJaStion ; on the contrary, CaW, by uniting^ 
and contracting the Particles of thin Bodies, 
doth thicken and condenfe them^ and this is 
called Ctmdenfatim. 

A, Do not the Hardnefs and Softneis of Bo- 
dies arife from their Denfity and Rarity ? 

B. No, Sir : The Hardncfe of Bodies ari- 
feth from the mutual AttraSiion of the thofl: 
minute primbgenial Particles of Matter, where- 
by they firmly cohere, and are, as it were, 
conglutinated tc^ther : When this Firmity or 
Cohefion of Parts is fo ftrong thiat the Pref- 
fure of the Finger will not part or difplace 
them, tlien we fay fuch Bodies are hard ; bat 
on the contrary, when they give way, or yield 
to the Touch, we call them ibft Bodies. 

^* What Figure of thofe primitive Particles 
of Matter is mofl requifite to produce Hardnefs 
or Firmity of Bodies ? 

B. The nearer the Figures of thofe Particles 
approach to the Figures of the five regular 
Bodies, or the greater their Superficies, by 
which they touch one another, the flronger 

4. If the Bulks are equal, the Qoantities of Matter ia two 
Bodies A By will bediredly asthdr.DcDfities. 

5, If the DeBfuies are equals their Bulks and Qmantities of 
Matter are directly proportional. 

6« If the Qaancities of Matter in each be equals the Bulks 
wUl be in a reciprocal Ratio oi'che Denfufes. 

will 
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will be their Attradlion \ and confequently the 
greater their Cohefion^ Firmity^ or Hardnefs : 
But by how much leis Superficies they touch, 
and by how much the eafier they flip and Aide 
by and over each other, by fo much the fofter 
ihall we find the Bodies ; and this in various^ 
Degrees even to Liquidity *. 

A. Is it notalfo to the Size, Shape, Gfr. of 
thofe finall Particles of Matter, that the Rigi-- 
dity and Flexibility of Bodies are owing ? 

B. No doubt of It, tho' it cannot be pofi-^ 
tively defined : But by the Analogy of Reafon, 
Rigidity or Stiffnefs of Bodies feenis to depend 
on two Things : Firjiy an oblong Square- figu- 
red Set of Particles, which are (fecondly) une- 
qually placed or jointed togetihcr, as thus 
C^^ ^ym ) for the Want oiPorqfity and the 
mutual AttraBioriy with the Refiftance arifing 
from the Pofition of Particles, will caufe JR/- 
gidity ; and by how much lefs Particles are en- 
dued with fuch Modifications, by fo much 
the more Bodies are flexible or liable to bend ^ 
whence their Flexibility -f-. 

* See what has been faid of theJuraSion of Cobejhn In 
Kote '* in Page 103. ^ 

^ See further on this Subject, Soerhaa^iz Meth. Difcend. 
Medicinam. C. BarthoIine*s Specim. Nat Philof. Cap. 6. 
Mtifche7throek*& Elementa Phyfico-Matk. Parti. Cap, 16. y. 
CUrici Phyfica, Lib; V. Cap. 16. 17. Chanthers\ Dictionary, 
and Harris's Lexicon under thefe Words. Rohaulti Phyiica, 
Cap. 22.. and Dr,C/arke*s Notes at Art. 9. Regnaulfs Phil. 
Converf. Vol. I. Conver. 9. with Daiii Notes* And the 
Attthgrs mentioned in Jobn/on's Qgaef. Philofophicsi Page 13, 
14» 15, 16, 17, 18. 
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CHAP. XI. 

• * • ■ . ■ . .' 

t>f CoNsisTjiNciE and Fluidity, Heat 
and Cold, Humidity and Sjccity, 
Elastricity, Odours, ^W Sapours of 
Bodies. 

A. TT T H AT do you mean by the Conjtf^ 

W teftce oi Bod^ss} 
B. That State of Bodies whereby the confti- 
luent Particles do naturally keep the fame Po- 
sition to each other, and are not to be moved 
' or feparated, but by fome coercive external 
Force 5 whence this Quality is alfo called the 
Fixity of Bodies. 

A. Whence doth this Fixity or Cori/i/ience of 
Bodies arife ? 

B. Undoubtedly from the Figure, Sizt, and 
Attraction of the coiiftituent Particles of the 
fame Sort with thofc which produce Hard'^ 
nefs 2tid. Rigidity of Bodies. 

' A. h not Fluidity bppofite to Confijience? 
And doth it not arife from contrary Caufes ? 
. B. Yes : Fluidity is that State of natural Bo^ 
dies, whereby their Particles are always in a 
Flow ; and are equally difpofed to move in any 
Diredion by the leaft Impreffion. 
• A. What may be the Caufe of Fluidity ? 

B.' The exceeding Tenuity or Smallnefs, 
Sphericity or Roundnefs, Lubricity or fmooth 
Slipperinefs, and Similarity, or Likenefs of the 
primogenial, conflituent Particles of Matter : 
For Particles thus modified muft always pro- 
duce a fluid fiody, or Subfl^nce, as Water^ 
Fire^ &c. 

H A. Is 
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A. Is there any Difference between Fluidi^ 
ty and Liquidity f 

B, Yes, a jgr59td«aj : For Fbtuiifjk H geoB- 
ral Name for all Bodies whpiie Parts yield to any 
imprcffion 5 a,nd thuj » Qwntity of Swd a* well 
as Water is called a Fluid : But what; v^c #ro- 
perly call a Liquidy or Liquor ^ is only that Kind 
pr SjMcies of Flui^ which r^i^«vr^ /^J^4r 7^/4^ 
or Jticketb to the Fii^fr^ 6^. which lovcheth 
it; and, s»s we mgy fay, fl<^ft»/| k^ as doth 

W»ter, pr i»py Kind pf Jihcqs, ^ 

]4- Wh^ may be the R«%r<;iyEi or Caufe «^ 
this Di^er^nee ? 

B. it is owing to ikf: cioqesdmg SnuHfttfe 
of the Particles of Liquids abpv^ tJtpi^ <Qf ^k) 

Bk)di6s J and alfp iq i^ir Wfiighli or Ponde- 

roiity : For, by thefe Means, the I^fdotel of 
Liquids enter tfie Ppfps f>f lb« Body M^ich 
tpucheth, thcn(ij and fey th^ Weight mid 
Gravity, coher? to, 99^ fti^ sh«i^i|l& and l» j 
caufe Wetnefs *• 

A. Pkafe aow %o l^ wv€ fcpo^T, -S^^, what 
your S^ti^i^nts s^re pf Hf^it and Cfibi k fior 
dips, ai^d whereiB tbo^; QujiUUei 4o coofift I 

JS. ^2^47/ is a iSen^tipn fixp^ed in th« Mkwi ' 

by ^ grpat AgitaUpn of &a P^r<i€fep ©f th* feet 
Body, which ew^rteth ils h^ym^ or Inflljeoc^ 
on us 5 fo that i^^^ in us 1^ only ih$. l^ tJbere- 
of; and in the hot Body, AdiiYMy ^ Motion, 
and Nothing elfe: No Heat ia fenfible IQ MS, 
unlefs the Motion of th? Piyrts of a 3Qdy, wfaifh 

* The cohefrvt Aitra^kn is herein oot ^ little conceme^ at wiV 
be eafy to coACcive from No^e* in Page 103. 
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fitfts oh ti$| be greftter than the Motloti bf th« 
Ot^ti dr iParlef tiib Body n^ed upon. When 
the Motion of &it Parts of the Body is left 
than th^ of ou^ Organs of t^eding, then if 
oc^aiiom in US the SenfMkHi or IdeA tf Coid of 
CoMnefs: 

A. thetti if t tdc<; j^A tifht, 5/>, l\m feea- 
fon cH* Difference of Sent and Cbii/| for Inftancej, 
jA Wftter, lieth ki thi« \ ThAt in the firft Cafei 
flie PArtidcs dr6 by thfe Fire jpyt into a gteitftjr 
Mdtion and Agit&tioh than Is it) the Hanid thdt 
feeleth it } and in the l&ttei- Cafe^ rhe Motiotl 
of the Aqueous Partictes is in a lefs Degree thait 
of thofe.in th^Handj And thus We find it ti 
be cither t&i or C6ld ^. 

jB» Yes, that is the true Nature of the Cafe* 
iccQfding to modern Philoibphy and manifold 
fiiiperiments. 

A^ Pray how do you conceive of Piamt 

B. Ask Fiuidi whofe Parts are ever in Mo-* 

4 Thf Motbh tore blended is that Inteftbe Mtidott wl&icll 
exifts among the Partides, and in the Pores of imy Body^ an4 
in the Spirits. $loo4. and other Jiuces in the Qrgisi bf JPeeU 
itigt to which fhat Sody is ap{>iM. 

The Heat of tto 8an miy be aogtnented to a podigioits De^ 
grce by means df a (0n^ix Lens or Cpnca've Mirtonr. Thus f<3p« 
poTe yOtt>e il donble Contrex Lens^ 4 Inches Diameter, and 
Whoie Focal Diftance is 12 Inches 1 it will be found 1^ Calca-r 
latjon^ diat the Focal, orhfuing Sp^t of this Lens ^} be t^ of 
ani Inch vi^y nearly* How fince Circles are as the Sqnafes o^ 
their Diameters/ the Dciiiity of the Sun's Rays falling on thf 
whole Area of the Olaf^^ will be to their Denfity when colled^ 
ed into the Focai^f ott as the Square c^ 4 to the Square of ri^ 
^hat is, as 1 6 to t^, or as 1 660 to I ; and COnfequently the Heat- 
will in that Spot be Sixteen Hundred Times greater than tkecosi^ 
mon Heat of the Sun's Rays. No Wonder, then; thffy bum with 
fach amazing Y iolenee and Jn^r ! A Cencofve Mirtsur of thf 
fame Diamttir, and Fgcml Diftmee^ will btirn ftill more intenfely# 
bacasfe many Rays are loft by Refiexioaon a ConitepiTJim^^ 

Ha tioHj 
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tion, infenfible, and inconceivably great; and 
which leems to depend on the Air, in its natu- 
ral State : becaufe a Candle will not burn in a^ 
duji^ or burnt Air, as is found by Experiment. 
• A. Is not Light and Fire pretty much the 
fame Thing, or of the feme Nature ? 
. B* The Particles of Light and Fire agree in 
fcveral Things, viz. i. In their Smallnefs : 2. 
Their Luminolity : 3. Their exceeding Adivi- 
ty : 4. Their Heat or burning Quality : For 
. the Rays of the Sun, collefted together by a 
t^urning Glafs, hyjkn more violently than any 
conxmon Fire; kindle Wood in .a Moment; 
imnjediately make Iron or Steel red hot -, melt 
Silver^ Gold^ &c. in half a Minute ; turn Bones 
into a black Glafs ; and Brick y ^ilesy and Earth 
itfelf, to green Glafs io an Inftant j from whence 
, we muft infer the Particles of Light and Fire 
arc the fame J. 

, A. This feems a juft Inference indeed : But, 
becaufe we cannot be large on every Head, 
pray give me a fmall Account of the Qualities 
called the Humidity and Siccity of Bodies. 

B. Humidity y or Moijiure of Bodies, is only a 
Mixture of the Particles of Liquor with thofe 
of the folid Matter of Bodies 5 thus Particles of 

X See concerning the Nature of Heat^ Fire^ Cold, Sec, Boer^ 
haa've\ Chemillry, Part I. Page 220, to 276, and Dr. Sbanjfi 
large Notes thereon. Mr. Boyieh Hiftory of Cold. Cheyne*% Phil. 
Principles, Page 61, 62, 63. De/agu/iers^s Co\ir(e$y Vol. I. Page 
421, to 426. Clare*% Mot. of Fluids, Page 225, to 229 ; alfo 287, 
«88. //i»/f/sVeg. Statics, Page 278, 279,280. C/pr/V/ Phyfica, 
Lib. V. Cap. i 3. Rohaulti Phyfica, Part I. Cap. 23. Part JII. 
Cap. 9. cum An not. CUirk, annexis. Chafnhers^t apd Harris* % 
JLexicon, under thefe Words. Regnaulfs Phil. Conver. Vol. I. 
Cohv. 269 and various Nujmbers of the Phil. Tranfa^ions. 
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Of Flame, Humidity y' Siccity, Elafticity. ^ 1 1 Jr ' 

Water, mixed with Earth, make it humid and ' 
nioiJl\ thus the Juices of Vegetables make their- 
Subftance moift : And the Want or Defedi of » 
this Moifture, or Liquid Subftance in Bodies, is 
what we call Siccity or Drynefs ; and which, ia 
moift Bodies, is occafioned by the Sun, Firej 
Wind, &c. by attenuating and rarifying the li- 
quid Particles, and thereby caufing them fo 
fly oiF in Steam, or infenlible Vapour. 

A. In the next Place, pray. Sir, tell me 
what that Property is in Body which you call 
Elajlicityf 

B. It is that Difpofition pf fome Bodies, 
whereby when the Parts of the Body by Pref- 
fare arfe put out of their Place and Form, they 
immediately again ret.urn to, or recover their 
firft Pofition and Figure. 

ji. Whence doth this Property proceed ? 

B. 'Tis hard to fay what are the particular 
Circumftances of the Caufe of Elafticity ; how- 
ever, 'tis certainly owing to the. fpecial Figure, 
Surfaces, and Attradlion of the Parts of claftic 
Bodies. 
' A. Are all Bodies elaftic ? 

B. Yes, in a greater or . lefler Degree ; but 
none are perfedlly elaftic. * 

A. Pray what' do you call perfed Elaflicity ? 

B. That, whereby a Body recovers its Fi- 
' gure by the fame Force it loft it. V 

A. Is there any Thing remarkable in the 
Motion of Bodies derived from their Elaflicity ? 

B. Yes; If an claftic j^ody A, ftrikes a- 
gainft the firm Bottom CD, obliquely in the 
Pireftion AF, it will always rebound again in 

. the fame Obliquity FE, or fo that the Angle 

H 3 EFD, 
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BFP, fJaaHi 9lway$ be equal to the Angle AFC 
See Fig. XVII. of Plait VIII. fron^og /. iaov 
Jleiidea this, there are many other Propertil«t 
of the Motion of fpringy or elaftic Bpdks, a* 
rifing from their Spring or Ei^fiieitj/a foe 

MKhich larger Volmncjj muil hsi cocittUed*. 

* lii tli9 P«rcofliOB or Striking of Bodies not elaftic» them 
$re fbar Cafes «/'«• 

i« If one Body firikea >gainft another M Reft, they will both 
move together ia the JUre^ion of the firlV Motion j a^d |h(5 
C^anttty of Motion in the two Bodien will bo th^ Udfm ^ iu 
the finglo one before the Stroke. 

j^ n* one Body ftrikes another moving; the fame Wa]r» but 
llowtr, they will both continue their Motion in tjii {ame Direc- 
tion as before -$ and the Qaajatity of Motion in both vn'ill ftill bf 

tlv fHfn^. 

3. When two Bodies with eqval QAnntities of Motbnt tend 
both dire^ly towards, and ftrike each other, the whole Motion 
will bp d^flb-oyipd by their Meeting, ^nd t}us Bodies will be 41 

4. Two Bodies moving both dire^ly towards each other with 
i&tkrhnt Velocities^ after the Stroke^ will both continae their 
Motion in the Direflion of that Motion whicl| had the g^eateil 
Velocity } and th$ Quantity of Motion after the Stroke is eqnat 
|o the biferptce of their Motions before it. 

In ilaflic Bo£ts, other Roles obtain; fappofiB^ two^ iiich 9(h 
dies A and B ; let A have thrc^ Parts pf MatteTt 4nd 8 Degreet 
pf Velocil^y 9 andB have, 9 Parts of Matter* ^d 2 Degrees of 
Velocity^ Then the Qua^^tity of M^tioo in A wilt bo 24, auii4 
that of B id; Now fupjjoiing thefe Bodies to imping on each 
ether, the Vehcity oi each after I|npa£l» smd tho DireSitn^ of their 
|i4btions, i^iay be known as follows : 

I . t^et the Body A io^pinge on B at Jleft ; then from A taki^ B» 
fuid miiltiply ^he Remainder by (he Veloci^ of A; divide this 
]ProduAt)y the Sum pf the Bodies A apdB^the Quotient will ejip* 
prefs the Velocity of A after the jBtroke. As the^ody A is lefs^ 
lual to^ or gre^iter tH^n B i fo it will be retrpgrade, or direct in 
fotion after Impad. Thus in the Preient Cafe the Diffisrence <4 

and B IS 6, which multiply by A*s Velocity %\ the Produft is 
48; this divided by the Sam of the Bodies 12, qcptps 4,. the 
Pegrees ot Velocity yn^ which A will retail b^ aft^ 
lippaa. 

a: Again, divide twice A*s Motion by the Samof the Bodies^ 
the Quotient will \>t tiie V^ci^ of -B after impaA. Thns 48 d^- 
Vide4 b^ i2.quotp 4> the Velocity of fi ah^r u^e S(ro)^p« $0 th^t 

A9' 
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A. Well f hcSft, leaving that, let us proceed 
m what yiDW call' the Odours of Bodied ; pra:/ 
wi»t M-e A^, or whercm do they coirfift. 

Jfc Tijte Odours of Bodies, by afFe^lmg the 
OfgWS of Sitfelliftg,. viz. the Nofe, do raife and 
excite in us the Scnfation we caH Smelly or Scd'nt : 

fis6^ the VelOtiQr be'the forne, th^ Motion in both Bodies is dott<r 
ble to what it wais al< firfl in A. 

5. Let thcBodm both tend one Wi^i and A follow £i ; tHen» 
t6 f&e ttbtioA of A add twice the Motion of B» from that Sum 
fttb&d the Pr«diifi of^ AVVelodty multit>fied lAto tlie Matter 
B y divide tike Rmnaindier by the Sum of the Bodies, the Quo* 
tieiit will be the Velocitx of A after Inlpa^. As the Pm^nST i» 
iefiff ifudto\ oi* ^M/f >* than the ^x^m /abovementioned) fothe 
Motion otA will be dh»e&9 limeM M^ or ^tfrAu)nr^afeerthe Stk-olce« 

4. Again, to twice* the Motion.of A add the Motion ofB» 
from that Sum fttbtra£l the Produ£i of B's Velocity into A ; di- 
vkfe the Remainder by theSuxti of the bodies, the Quotient 
will be the Veloctty of B nhtt the Inipaa. 

5* An Example of each», in our prefent Cafe^ is as follows. 
To 24radd 36* thcrSum is 60, which I take from 72^ (as being 
greaseft) the Remainder is i2» which I divide by 12, the Quo* 
tientis I ;. ib that A returns back with 0»^De^e of Velocity, 
having loir>^a««, 

6. Again, 104:8 adtf 1 9, the Sum is 66, from which I take 
6, the Remainder 60 I divide by 12, which quotes 5 for the 
Velocity of B's Motion. 

7. If the Bodies tend' the contrary Way, or meet ; then from 
the Sam of twice B^s Motion, and^the FroduA of A*s Vdocity* 
intoB» uke the Motion of A, and divide the Remainder b^ 
the Sum of the Bodies, the Quotient is A's Velocity' after meet* 
iiif ;aftd llrtiHl^Sam is greater, equal to, of lef^ than the faid 
Motion of A, the Motion of A will be backward, none at ail, or 
forward. 

8. Again, to the DilTerence of B's Motion and twice A\ add 
theProdudt of B's Velocity into A ; divide the Sum by the Sum 
of the Bodies, the Quotient will be the Velocity ofB after Re« 
Hedion. 

9. To Qluft^te both thefe Cafes by our prefent Example* 
The Sum of 72 and ^6 is 108, from which I take 24, the Re« 
mainder 84 I divide by 12, which quotes 7 for A*s Velocity 
backward, zdly. To the Difference of 48 and 1 8, which is 30, 
I add 6» and mvide'the Sum 36 by 12, the Quotient is 3 for 
B's Velocity the contrary Way. 

10. Tliefe Rules are applicable to all Bodies, and Celerities 1 
atid whofoever will, may fee their Inveftigatiqil in KiilH Intro* 
^ttAion, U^uTi \\^ Tbeor. z^,Frob. 3. 

H 4 Thefe 
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Thefc Odours of Bodies are nothing hut E^u^ 
wj, or exceeding fine anc^ infenfible Particlcs,i 
flying ofF the odoriferous Bodies in all Direc-/ 
tions ; and as they float in the Air, ftrike a- 
gainfl, and caufe in our Npflirils the aforefaid 
Senfation of SmelL 

ji. In what Degree or Proportion are thofe. 
, Effluvia^ or Odours^ fenfible to us : 

B. The Sehfation which they excite in us, . 
or the Degree or Intenfity of Smell, is always 
ip Proportion to their Denfity or I'hicknefs 
where we are 3 and this Denfity always decreafes 
in Proportion to the Squares of the Diftancc 
from the ^^i?r^w Bodies. 

jin Pray, 5/r, can you not make this fome- 
what more evident and plain by Example ? 

B* Yes : LetRreprefenta Rofe, and the. Dots 
about it, the Emanations of numberlefs Effluvia- 
of Odours 3 now fuppofe the Nofe in three feve- 
ral Diftances at A, B, and C, which let be i, 2, 
and three Feet from the Center of the Rofe : Now, ; 
I fay, the Degree or Intenfity of Smell, at 
thofe piftanccs, willdccreafe in Proportion to^ 
the Squares thereof, i, /{., 9, /. e. it will be 4 
Times Icfs at B than at A ; and 9 Times lefs at 
C than at A : Do you apprehend it now ? See 
Fig. XVIII. of Plate VIII. fronting/. 120. 

A. Very well, 5/r, and am obliged to you : 
But, pray, how comes it about that feme irra-. 
tional Animals, efpecially fome Dogs, can 
fmell any Thing at fo much greater Diftance 
than we can ? 

B* This is entirely owing to the greater Per- 
fection of that Organ in thofe Creatures than in- 
Man, as being on many Accounts more neceflary 

in 
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in them than in us ; for in them, God has* 
madq. It one Means to prejerve Life^ in us he 
feemstohave defigned little more than Gr<^//- 
fication and Pkafure thereby. 

A. y^htiiQ& diO Sapours or I'ajles of Bodi^ 

arife? ' - 

jB. From a certain determinate Magnitude 
and Figure of the Particles of ih^ fcporific Bfy- 
dy ; which in the Make of the Tongue, do 
thereby occafion the Senfe of Tajie in all Varie- 
ties, according to the different Modification and 
Configuration of \ho(t faporiferous Particles. 

A. But, what are thofe Sizes and Figures 
of Particles neceflSiry to qualify them to exert 
this faporifc Virtue, which you fpeak of? 

B. No Man knows that ; we fliould be con- 
tented to have a gpneral Knowledge, when 
Particulars are denied us ; we had better confefi 
our Ignorance in Naturals, and adore the fu- 
perlative Wifdom of God, who hath made it 
his own Prerogative to know all Things ; than 
feign vain or abfurd Hypothefes, with an ambi- 
tious and impious View of being thought om- 
nifcient, or able to account for all Things f • 

yf • I think fo too indeed, Sir^ and alk Par- 
don for being fonietimes too curioully inqul* 
fitive about the Arcana of Nature. 

jB. iS/r, we are allowed, yea, 'tis our Duty, 
to improve our Knowledge, and communicate 

■v » . . 

V 

f For 4 Inore particular Account df Odoriffrous Efflnviaf and 
the wonderful Sagacity of Dogs*, Is'c, in Refpe6^ of this Senfe, 
fee Boyle on Effiwvia, Chap. 4. Alfo foxTafte^ and the Caufet 
and vaft Diverftty of Taftes, read. Dr. Grewjs Anat. of Plants, 
and the Treattfes referred jo in Note fin j^age i ia> and Note % 
19 page 116. 
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die fame to each other (o fac aft we ai^ capribie : 
And having taken this^ partkuka: Survey of the 
Frop^fties and Qualities olBodiea; kt us |rocGcdl 
to a general View of the UiuvekPe compoii^ 

there(^. 

■> . 

C A A p. XII. 

* 

Ctf Sir Isaac NswxoN'i Lmvs o/Nafure. 

B. TJ UT, before we launch out into the 

j[^J|. bauncBers Extcnfion of the Univerfe,. 
where we fiiall fee every l^hing in Motion alt 
i^ut tts ; it win be proper previonfly to con- 
fider that (tibough we have aheady fttn the 
general Prc^pcrtieft amd Phemmena of Motion, 
yet) there are foaie flsrtedtcercatnJRzri^r, orLatvs, 
by which all the Motiona of alF natural Bodiest 
sure conAantbjT^ governed and determined ; and 
by which every Thing relarting to Motion may 
be explained. - 

uif How many are ikoStLaws ? 

B* Sk Ifiuw Newionhets laid dbwn three—, 

•/C But, pray, if you pfeafe, tell me why they 
are called Sir Jfaac Newt off s Laws qf Nature f 

B. That is more than f can do : Sir Jffaac 
was not the firft Inventor of them, fince, if 
you pleafe, you may fee them in Mbnfieur Def 
Cartels Philofophy, vdiich was before Sir 
Jfaac's appeared :|:t 

^. Pray what are thofe La'ws t 

B. TheF/Vy^isthis: 

X Stc per Oft^^ Priuaf^ P&ifijfyti4i, Part II. PagejS, 39, 

LAW 



i^the Laws pf Nature. ^ ifj 
LAW I. 

- ■ » 

Jlil Bodies continue in their State of Heji^ or 
Mot ion y uniformly in a right Line^ excepting 
they are obliged to change that Efiate By Force t 
imprefjed. 

A. What is the Foundation of this laonjo ? 

B. We fee all Bodies, by. their Nature, arc 
inadtive and incapable of moving themfelves y 
whef^fo^e unUis they be moved by fome ex« 
HfixvaX A«Qt> they muft neceiiarily reinaia jfor 
twr aft KdL 

ji. But why muft a Body in Motioo» if left, 
to itfcl^ Ua wtx £> continue in a right*lioed 
Cowfef 

M^ We know this by daily ExperieiK:e ^ for 
' when any Body is pat into Motion^ it conti- 
ouea tt» move in the iame redtilineai Direo* 
Ciop, and with the iaoje Velocity; until tha 
KejSiUnce of the Air, the Power of its own 
Cravi^, the Make of the Body, or fooie other 
^ternali Caufe,, determinea it from a rigltf^^ 
Uned Diref^pn^ damijiiflies its Velocity, ao4 
l^ngs it at kft to a State of Reft *. 

A^ If tbk be the Cafi^, pray how comes il 
lo pa& that th^ Sun^ MooUy Comets^ &;g« con^ 
Cinue their Motion io long;, have the Regi« 
lens, thn>* which they move, no Refifknce ? 

^ MoeioQ* wBea oitce produced in any Body ». can never b^ 
ittipedtd* dimittifhi'd; or deftroy'd, but from fomething withiii 
. or without thi; Body. Now all Experience tefllfies that Matter 
is in itfelf inert, and powerlefs^ and fo abfelotely (q» that it cam 
in na wife; be con£dered a$ the Caufe of any thing either with« 
in or mthont itAdf ; ODnfequently, whatever retards or dtftroy^ 
Motion mnft be fomething external lo the Body nK>vttd ; buc 
in a perfed f^actfum there ia nothing of aiiy Kind, therefore in 
fy^ a C»fe Moiioo ma(t pf IkctfOty be (erpauul. 

B^ The 
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B. The Bodies of the Planets and Comets are 
vaftly greilt 5 and the Spaces, thro* which they 
move, have fmall Refiftance, by which Means 
they conferve their Motions the longer. 
ji. Pray what is the next Law of Nature ? 
j5. The Second Law is this ; 

LAW II. 

It 

j^i Change of Motion is proportional to the 
Tower of the moving Force impreffed^ arid is 
always made according to the Right Line in ' 
which that Force is imprejed. 

A. What do you obferve from thence ? 
' J5. That if any Power produceth any Mo-^ 
tion 5 another Power, which is double, triple, 
&c. will produce a' double, triple, tSc. Quan- 
tity of Motion 5 whether it be imprefled toge- 
ther, and at once, or fucceffively by Degrees ; 
And this Motion (becaufe it is ever determined 
towards the fame Part with the generating 
Force) is added to the Motion of a Body in 
the fame Diredtion by Impadt, and it will move 
io much the quicker j but it is fubftraffced front 
the Motion of a Body in contrary Diredlion, and 
therefore that Body will moVe lb much the 
flower. It is alfo obliquely joined to the Mo- 
tion of a Body obliquely moving ; and will be 
compounded with it according to the Deter- 
mination of both. Hence a very confiderable 
Confequence will follow. 

A. Vx2Ly what is that ? ' ' 

B. Why, according to the prefent Conftitu- 
tion of Things, it follows from this Law^ there 
can be no perpetual Motion 5 for by this Law^ 

the 
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the Motion produced is but proportional to the 
generating Force ; and all Motions on this Globe 
being performed in a refifting Medium, w;?;* 
the Air, a confiderahle Quantity of the Motion 
muft, in the Comniunication, be fpent on this 
Medium ; and coniequentlj;^ 'tis impofiible the 
i(ame Quantity ihould retutn undiminifhed up*^ 
pn the firft Mover, which yet is neceflary to- 
wards a perpetual Motion : Beiides that fuch a 
Diminution of Motion will be' greatly in^rcafea 
by, the conftant Frldlion of the Parts of the 
Machine ; for there will be more or lefs of that^ 
be the Inftrument ever fo well contrived, there 
being no fuch Thing as abfolute Smoothneis or 
perfeft Congruity, in Nature j atleaft, not ia 
any of the Works of Man *. . 

ji. Pray what is the tbird Law ? 

B. This: 

LAW ra. 

Repulje, or Re-aSiiotiy is always equals and 
in contrary DireSiion^ to Impulfe or ASlion^ i. d. 
the ASHon of two Bodies upon each other is aU 
ways eguai^ and in contrary DireSiions, 

A. Can you illuftrate this Matter a little by 
a familiar Inflance or two ? 

B. Yes : Thus, if you prefs a Stone with your 
Finger downward, the Stone equally preflcs 
your Finger again upward : If a Horfe draW 

* Concerning a perpetual Motion, the Machine contrived 
for that Purpofe, and the Reafons and Argupient$ which evinca 
the Impoflibility thereof, fee De/aguUers\ Courfe, Vol. I. Page 
1^5, to 178. Cbeynis Philof. Principles, , Page i6, 17, and 
Chanihin\ Didionary at the Word : Wkh feveralothec Authors* 

for- 
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forward a Stone tkd to a Rope, the Stone equals 
fy dr«\?8 back die Horfe i for the V^ft bemi 
equally diftcnded both Ways, afts oti botl 
Hwfe and Stone equatty : The Anvil ftrikcs 
the Sledge with the fame Force tht Sledge 
ftrikes k, whidi therefore rebound* or flies 
back : The Steel draws the Magnet, as naoch 
as the Magnet draws the Steel $ as is evident by 

raking both fwim in Water. When a Barge 
puSfcdto the Bank by a Rope, the Bank pnlli 
the Barge as rawch as the Barge-tnan ^uils the 
Bank : And in. the Dcfcent of heaty Bodies^ 
Ae ^one that fells attracts the Earth as much a^ 
the Earth attrafts it ; that hy xht Motion cK the 
Earth is equal ahd contrary to that of the Stone* 

A. Why thefe- are "sXX Par adobes furely ; 1 
cannot conceive how it can be, not* believe 
that the Earth moves as much toWafdS the 
Stone, as the Stone does towards it in falling. 

B. But it is true, and is what I proved to 
you, if you remember, when we difcourfed of 
the GrW/tf/jW of Bodies towards each other* 
X there (hewed, the Reafon we cannot fee fuch 
a Motion of the Earth, is becaufe of the incom^ 
prchenfible Dilparity of the Velocities of the 
Stone and the Earth : For, ^s 1 ihewed you oa 
the Subjed of the Motion of Bodies, the Mo^ 
ti^i of any two Bodies may be equal U each 
other y when the Veloeities of their Motims ar4 
infinitely differ ent* 

A. 'Tis true, I remember you did ^ % and I 
find what creates the Wonder, is only a Mif-» 
taking of Velocity for Motion^ which i^ an en- 
tire diiferejt Thing- 

B. Yes, 
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S. Yes, it is fa ; And in moil CaTes, were die 
true Nature and Di^rences of Thia|;s 'well at- 
tended to, we. fliould not be fb liable to inglo- 
rious Wonder and Aftonifhmcnt (the conlbnt ■ 
EiFed of Ignorance) as we too commonly are. 
On this third Law depends all tbe Dodrine of 
the Lofs and Gain of Motion in Bodies imping- 
iBg on each other, according to Note • in jPage 
1 1 8. But now, let us extend our View o^ 
the univerfal Space -f*. 

\ See the Liwi of Nature explained more Rbondancly at large 
io Sir /. Nmiiaii's Prindp. Page 13, le (c<iq. Grave/. E)cm. 
Math. Book r. Ch^. «. J&Ws Introd. to Nat. Philof. Left, 
XI, XII. Z^W>W« Coirra of Ezf. PMM. Led, 7. aitd: An- 
not. thereon. D<>mkii^\i^oK. Neiuien. Tarn. II. Page 15. £!f«; 
CitjHt't Philoroph. Piinci{de*, Page 7 » 14. ffBtftr'* Thilot. 
Faee 4^;. H^ib^tr't Pru. «f Nat. PiiQ. from Iwp 4^ U 1 la. . 
apa vatioui Wtitecs on Mtchmiti, 
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CO S MO LOG Y: 

CONTAIN IN G, 

I. A general View of the XJmverji* ' 

II. The Philofophy of the 5««. 
1 in. The Philofbj^y of the Moon. 

iV. The Philofophy of the TtaneU^ ,■ ' 
V.^ The Philofophy of the Comets. 
VL The Philofophy of the fixed Stars. 

tjcplalning their Nature^ Properties^ and AffeBions^ in fo far as 
they are at prefent known and underftood. 
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. CHAP. I. 

Of Cofmology in, getter aly of the mundane Space y of 
a Vacuunty of Duration 6r Time. 

-A T T T H Y do yx)U cdl tHc fecond grand 
W Divifioh of the Science of Nature 
w#' Cofmology f 

B. On Account of the Propriety of the ori- 
ginal Senfe of the Word, and its Congruity 
with the Things which are tjie Subjects of the 
, Science intended thereby, 

2 A. What 
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A. What is originally imported by the Word 
tk>fmology? 

B. It is compofcd of the two Greek Words, 
KocrfjL®^, the Worldy and Ady®^, a Difcourfe ; aod 

. therefore by Cojfhwlogy^ is implied a philofophi- 
cal or phyfiological Difcourfe of the Wbrjd^ or 
Vniverfe in general. 

-^v In what Manner^ br Order, ihen^ do you 
defign to proceed in taking this general View, 
is^ or Survey of the Univer/k ? 

B. In the Jlrji Place, to obferte the Order 
and Conflitution of it, fo far as it is known, with 
the feveral Parts thereof great and fmalL 5^-. 
cmdlyj ' we will take fortie Notice of the Mun- 
dane Space I in which) the various Parts or 
Bodies of the Vnherfe do confift, and are po- 
fited here and there. Tbirdfyy we (hall difcourfe 
a little of the Nature of Duration or Tifne; 
whereby the Motions of all the Bodies in the 
l/JfWf r/? are meafured. 

ji. This will be very delightful indeed, pray 
make a Beginning ; ^what do you fivii obferve 
in the gen^^l Conflitution or Frame ? 

B^ The firft great Pbanomenon of the t^/- 
verfcy which more eminently ftrikes our Senfes, 
k that glorious Luminary we call the Sun^ the 
Source of Light y and Center of our - planetary 
Syftenty or about which the Chrus of all the 
Planets move. 

ji. What, do you fuppofethe Sun to be the 
Center of the P/aw/i Motion, and not a mov- 
ing Planet itfelf ?- 

B. Yes ; the Sun is in the Center of our Syf^ 
tem, around which the primary Planets move, 
-^^ee Fig. XIX. of Plate X. fronting p. i^/^. 

I A. Pray 
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^, ^f$iy which* ^ how mtfij «« AoCe 

you call primary Planets ? 

B.. They are in Nuinbfr fit ; nod thcirNaoies 
pre Mfrcmy, Vfnut, (h? B^lby M4nr$* Jf^er, 
aii4 S«tvru ; jtbf^, in dii}?fcfit ftaied f^rriwa of 
Timit, «U r«vplvc siboiit the Sun, in the Order I 
have rehearfed their Names. 

A> Butt ftvft what he(3oinet of the JM2i9xr, 
th^ you inePtiQa her npt amoRgft the Planets ? 
And, how came you to imke ^ P/Mr«^ of du» 
£<ift^ in her AeKd ? 

j8. I am ttttgh( by the modern PkjfiAtgy £> 
to do ; 't» very oerta^ the Ee^h is t Pknet, 
and iDoves about the S«n vfiih the reft : And, 
4A to the ikfiwi, I do not iay i(he is not a P/aatf, 
bat not a {)f imary or princi^ one. 

A> Why, Sir^ what Difference do ycHi auka 
)o the Kind of Pi0«^/« # 

A. Tfasfe ii difcoveiied t l«t>-f<iki Kiwi of 
PJanetSt viz. There are fonw very gieat tad 
Vurge (iwf, which regird ^ 5m« as the G»iter 
of their Motiont} tlwttiB are called frmaryi 
Planets t and are thoft belore named : Ageisw 
there tee other le^ ones* caUed Satelktet, or 
^tendaatit which drculMi round £»me ^nMM»* 
rjr P^metj es thnr Cwtteri and thefe vcc tercned 
Jeeendary Plane tty and fttch an one is the Jl6a«*. 



* The Word St^tl*$ is £a/>», and with the Hmm' 
^n Offittr, Stfytt'tor Tnmm of the Gean} of a Pmee. whofi; Of> 
fice was to attend and defend kit Perfon ; whence the AftronO:^ 
men, by an eafjr Metaphor, call a Mooa (whkh coaJtand}r Mv 
tends its proper Planet in all his Revolutfeat about the Sanj « 
StielUs, and, if there b< more than one, Sat*llii*t, which is a fbur 
Syllable Word, via. SattUh-ttt, and notathreeSyllaUe oae, as 
it is valjarly though viciovify pr«awiiw<;4 

A» Sure 



jtk Sure ^twill be thought very ftrange^ thae 
the Mm (H^ieh, n^xt to Che Strny id the greateft 
Ltiminaiy in the Heavens) (fabuld be efteemed 
only as a fmall fecond^ Pkmt i the Moan is 
little obliged to your new Philofophyi being thud 
degradni from her antieht ihining Poft amongd 
the prknary qmb \ 

B, What I ^yon this Head i$ foufided on 
lUafim, Ohfermtionsi and Experiments j an4 
therefore eltiois Belief before thofe , Notkmt 

which depend only oti vulgar 3eiifc, and wer« 
the Praiiifh d a moft rude and barbarous Age^ 
though ever Co glarinjg : Remember^ all is tgi 
Gold that giyberi, 

A. Wdl^ I tm glid to meet with Truths 
whatever I exchasge fw it : Bttt tvhat do yoit 
next obierw in this wonderous Frame 9 

■' B. The amaaang Bodies Ve call Otnetsi 
which make fuch prodigious Excurfioos into th< 
unknown diftant Regions of the XJniVerj$y as tp 
take up (ibroe of them) feveral hundred Yeart 
in making one Revolution about the Sun. 

Ay I fuppofey by Comets y you mean blading 
4»/4r^l tad do ^^ Ukewife move about tbfl 
&unt 

B. Yes ) but in Orbits vaftly eccentric^ Sod 
Mproaching nearer to the Form of a Parabola^ 
Dun an EOipJis or Grch* 

A. Well, what next to thefe of^fof th^ 
SubjeA of our Contemplation^ in ^is univeri^ 
Scene ? 

B. The fixed Stars^ which enamel and be^ 
feangle the concave Expanfe^ or Canoj|7y of 
Heaven i which, by their Noni&ers and Ltf ftr«f 
mal&e the Night beauteous and deli^ful^ which 

I 2 would 
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would be otherwife dark and horrible : And 
thus I have rehearfed to ypu all the great Part^ 
of which the World doth confift, £^ far as we 
know any Thing of it *• 

• The Syfttm of the World now defcribed, is not a late Inven* 
fton» bat was known and taught by the wife Soman Pythagoras^ 
and others among the Antients, which in after Times was loft^ 
'till in the 1 5 th Centary it was. again revived by the fampas Pelifi 
thiloCo^her Nicholas Copernicus, who was bom at Thorn in tho 
Vear 14^3. Ih this he was followed by thegreateft Mathema* 
ticians and Phihfofbers that have fince lived, as Kepkr, Galileo^ 
Defcartes, Gajfendus, and Sir Ifaac Newton, who has eftabliihed 
this Syftem on fuch an everlafting Founddtioft of Mathematical 
and Phyfical Demonftration, that neither the Gates of Ignorance/ 
nor the Power of Popiih Jnathema's ihall ever prevail againft it* 

The mofl famous of the antiquated Syftems are two^ *viz. One 
taught by Ptolemy, the Egyptian Aftronomo*, faid to have lived^ 
138 Years before Chrifti »The other by the noble Dane,Tych9 
Brahe, born in Sc^onen, A. D. 15 46* 

The Ptolemean System (Fig. XLIV. on Plate IX. front- 
ing p, 1 3i,).fat>pofed. the Earth immoveably £xed in the Center 
of.^the World* aboot which nioved feven Planets, o/iss. The Moon^ 
Mercury, Venus, tlie Sun, Mars, 'Jupiter, and Saturn ; above thefc^ 
it placed the Firmament of the iix'd Stars, then the two CryJlalUne 
Spheres ; all which were indnded in, and received iMotpon front 
the Primum Mobile^ which conftantly revolved about the Earth, 
in 24 Hou^s from Eaft to Weft. But this iude Scheme was too 
such accommodated to Senje, to ftand the Teft of jSrt ; tha 
Msthematicians foon perceived it a Medley of the groiTeft Errors 
and Abfurditles, which they rejeding (as fit only for the Ignocant» 
and zealous^Bigot j chofe other more rational Methods to purfuC 
the grand Difcovery. " ■ , 

The Tyc HON I AN System fucceeded the P/^/^m^/z«r, but was 
Dever fo nni vcrfal : This fuppofed the Earth in the Center of the 
World, (Sec Fig, XLV. on Plate IX. fronting p, 132.) or Fir- 
tnament of fixM Stars, as alfo of the two Luminaries,Nthe Moon, 
aadtheSun..: But then he fuppofes the Sun the Center of the 
Planetary Motions, *uiz, of Mercury^ Vinus, Mars, Jupiter and 
Spurn i thefe, with die Sun, all revolved about the Earth in the 
Space of a Year to account for the Jnnual Motion ^ and the Earth 
he made to revolve about the Axis every 24 Hours from Weft 
CO Eaft, to folve the diurnal Motion of the Heavenly Bodies from 
^^ft to Weft. This Hypothecs being partly true, and partly faife# 
and imbarraf&'d with many Difficulties and Abfurdities, was em- 
braced by few, and foon gave way to the only true and rational 
filar Syftem, reftored by Copernicus p as aforefaid, 

A. Pray 
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. A.. Pray what is the Form or Figure of the 
Vniverfe? 

B. It hath no determinate Form or Figufe at 
all ; forafmuch as k is evfeiy Way infinite and 
unlimited. 

A. What do you call the mundane Space ? 

B. The infinite Space j in which all Bodies of 
the Vnherfe have their Place and BeiAg. 

A. Pray what do' you propei^ call Space ? 

B* Extenfion without Matter 5 or, in plain 
Englt^i z perfe^ Fcid^ or Facuityy which is 
better conceived than defined ♦; . * 

A. What is that the PMlofophers call ^ r^« 
tuum?. * i^ 

B. A Vacuum is a perfi^ Void, orSpa^e at>- 
folutely devoid of all Body or Matter; as on the 
contrary, they call that a Plinumy when any ' 
Part of Space is {q abfolutely filled with Matter, 
as to have no Vacuities therein, 

' A. Is there any fuch Thing as a Vacuum in 
Nature? - 

B. Yes J only thofe who have denied their 
Reafon, have denied this. 

A. How do you prove a Vacuum ? 

B. A thoufandWays almoftj; but Motion 
evinceth it moft plainly ; for can any one fup- 
po^ a Body to move in the midfi: of Sdidity ? 

" * * See'pr. Wsitt\ Enquiry concerning Space, Phil. Effay I. Mr. 
' Locke f in hiar Hum^ UnderfianMng^ confe&s he does not know 
viYi2t it is, nor to what Clafs of Beings to refer it. Hum. Und, B. 
. If; Chsip* 1 3 . § 1 7 . Sir /. Newton . cbnfidef s Space as the Sen^^ 
fortum-Qi the Divine Mind, Prin.Math. Fbilof, Wge 528. Op" 
ticks, 2d Edit. Page 379. TYxt Cdrtefiofu aDfqfdiy pretend it 
is a Body or SabSance. And others deny that it has any real 
Exiftence. See the* Atidiorr xtieAtioiied in :John/on\ ^ejl. Phi* 
U/, Page 16^^ 170. ". i. 

I 3 They 
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Ttkey who afllrm this, tmf «i nAomllf affirm 
tbitaBird may fly through a Mountain i^Ait* 
mentt ai eaiUy as through the open jlir .* And 
who (o JbMoA at not to fte (he mt^ Aooftroua 
Abfurdity thereof by this one Argument * } 

A, I uiink pone oaft deny H indeed, who 
WouM be thought rfitional: But, pray, "whaf 
have y ow to fay of X^athn or ?Vi«r ? 

B, Zi^^t^MtfistheldeawehaMeoftJifcCon* 
linoance of the j^xifleoce, or Being o( Thit^s } 
and in order to dUntate and ilieidiire the Partb 
thereof, we ufe thip Motions of moving Bodte«t 
fts Uie ^un, St«r8, a Cl0(^, ^r» and the Pam of 
JPuratfQ/t thus compared and meafured, wo call 

Tiow* Tiojes, Seafons, Age8f-,^ir« 

CHAP. U. 

Of Uraruikgyf fr ^ Do&rkie 9f the beavenlv 
bodies i anijirft tf JieHt^rf.^^ $r tbe Pbf* 
iojifly of the Sua. 

yf.T T 7 H AT i$ the ^kwiag of the Wof^ 

CTwetlhB *fn|th 6f a fUf evfaint Ai^» or^lkiciiirhlch is obfteok 
4^ tommoa Senle of ^ M#iykM« TUt h fnficleidf t9|l- 
firmed by th^ numerooft Co^trprerfi^s on tke^Sbbjcdb of Sp^i^ 
^ni a Vac^Mm ; (ot titoagk notbing is norof wdent thatt the fla« 
tmt of the one and thf Cenainty pf iho other, vet nothing hat 
fkofe diAfadeo and perplexed th^ Minds of Philofophen, a$ tnav 
Ve eafily ffen by pemfing the Au^is on fhefc $^b|eA| t^trm 
fO in J^h^UHiL liipftm^ Page o. 

t The BoilniM of TirW k the SdbJeA otCJhvmhgfi } an Ab« 
$>tiBt of which excdlent Science the Rc^rr may |i]4 ui <i^ ft^^ 



r 
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Bt it is 4^ G^eei Origihal, and k (Mtktpo^d 
of Ovp»vH3 Beaven^ iSd Acyo^^ a Dijcourfii. 
thtroli^e it fignifi» a Difi&uffe or ^ttatijt of 
the Heavens^ or bemenly Regims^ and Bodies 

^ , ^. Pmy wliatdo y'dUeaH the S^avens^ or 

B. Thofe Regions, or Ficfds of -«/ifer; 
which lie alf around us above the AtrnMe^t ; 
in which anc fitudted aQ the ihinii^l&odiedf 
the &uHt PlanetSy Comets^ aod iS/dlr#, and wbeft^ 
in thefiieffontt til i^seir Motion^. 

A. when wiU It be proper for us to b^iv 
our Cometktkms on thefe celeftia! Sdbjedbsf ? 

B. We will firll begin with Hetkgraphy^ \i 
yon pleaTe* 

^ I da not tmderftand the proper Meaning 
ol'^hat Word, please therefore to unfold it« 

J5. By Heliograpby (as being compofiid <rf 
''fiXxdfo tbt SuH^ andr|#^i|, a tyefertption) is 
to be imderfioeid, a pbd^Bpbkal Dejcriftion of 

-/f. Wcift it feems very eoflgruous to b^iii 
with what you make the Center of omc Syftem 
is yon eafll it; and pray what do you firft ob- 
ferve of ^ Sun ? ^ 

B» The £W is a h«^ Body of L^ht, or 
Fire, whcfiCc ^l the^ other Planets receive their 
Ligist ; aad by whofc Emanations of Rays arid 
Beans* of L^, the witofe Syllcm of Bfeinga 
about us is HuHxiInated and mmk viable. 

A, Can y0# teU My Thing of the Sun*sB\Ak ? 

B. Yes : The Dikmeter of the Sun is com-* 
puted ^22148 JS/srg*/^ Miles ; and its Bulk, or 
£;^d Content^ at 29097 1 000000090000 Miles i 

. I 4 which 
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which is about j 000000, or a Million of Times 
greater than the Globe of our Earth *. , 

ji. Stupendous Magnitude ! And what^ do 
you fuppofe it to be all fire ? 

B. Yes ', and therefore fome have thought it 
to be the Place of Hell -f- : However, its Qji^n* 
tity of Matter is well known ^ and the Dcnfity 
thereof is very coniiderable. 

* To compute the Diameter of the San, Hit Piftance from the 

Pa. 

my 

2. 'Suppofe then you have a double Convex Lens, as L, (Fig* 
XLVI. on P/ati IX. fronting f. 132.) whofe Foca^ of parallel 
Rays is at CD, 12 Feet, or 144 Inches diftantfrom itfelf; let 
this Lens be fixed in the Window-fliut of a darkened Chamber 
to receive the San*s Rays AL, BL, which coming from the ex- 
treme Parts of the Sun's Body, and interfering each other in th< 
Center of the Lens, will, determine the Diameter of the Sun's 
Image at CD, which, when you have nicely mcafared, you'll 
find to be irli of an Inch, The half of which is Ce=T§5 of 
ism Inch. Then fay 

As the focal Diftancc . CL=«i 44^2. 158361 

Is to i the Diameter of the Image Cc=o.67«9.826o74 
So is Radius -. 90^ oo'»iaoooooo 

To the Line of the Angle CLc=oo^ i&= 7,6677131 

Therefore the whole Angle CLD or ALB is 32' Minutes, and 
this is called his apparent Diameter^ becaufe its Diameter appears 
under fuch an Angle to the Eye. 

3. Now fincc the Diameter of any Ohha and its Image, ar^ 
proportional to their Diftances from the Lens, the Diameter of 
the Sun will eafily be had by the following Analogy. 

► As the Diftahce of the Image > CL==i44**2. 15836a 
To its Diameter — . — ^ CD«=i .34=«o.i 27103^ 

So is the biftance of the Sun LA=:8 21 3601 4=7.9 145 31 
To his Diameter .* AB«=76432o=5.883276 

4. Thus his Diameter is found to be fe<u4n Hundred fixty Jour 

*Iboufand three Hundred and tnuenty EngUJb Miiis ; which is \t£s, 

but perhaps truer, than the above affign'd.— — TWr T^««5^»i 

Hdites is a trifling Diftance, and not to be regarded in the Mea- 

furement of fuch immenfe Diftances. 

f See Svnnaen"% Book on the Namre and Place of HelL 



Of the Sun^ his BtJk^ Denfity^ &c: ijy 

A. The Quantity of Matter, pray in what 
Proportion is that to the fame in other Planets ? 

B. The Quantity of Matter in the Sun is ta 
that in Saturn^ as iooqoo to 33 j to that in'^z^ 
piteTy as looooo to 92; to that in one Earthy 
z& loooooooto 59^ ,, 

A. In what Proportion is the Weight of 
Bodies on the Sutfs Sur&ce ? 

B. The Weight of equal Bodies on the Sur^ 
face of theiSa^ is to their Weight on the Surface 
of Saturn^ as 10000 to 529; to their Weight on 
Jupiter y as 1000010943; and to their Weight 
on the Surface of our Earthy as 10000 to 435, 

A. What is the comparative Dcnfity of the 
Sun f 

B. TheDenfity of the Sun is to the Denfity 
of Saturn, asr 1 00 to 67 5 to the Denfity of 
Jupitery as 100 to 94I ; and to the Denfity of 
our Earthy as 100 to 400, or as 1 to 4 ; and 
therefore the Fire of the Sun muft be prodi- 
gious intenfe, yea, almoft folid, as being one 
Quarter of the Denfity of our Earth *. 

A. Why, then the Light and Heat muft be 
inconceivably great near the Sun's Surface ! 

B. Ye$, great indeed : Sir Ifaac Newton laith 
the Sun's Light and Heat, at the Diftance of 
Mercury y is 7 Times as great as the greateft with 
us 'y and therefore our Water there would be for 

• Thcfe Proportions of the Matter^ Weights of Bodies, and 
Denfitiei in the $un^ Saturn, Jupiter and the Earth, are taken 
from Sir /. Newton's Principia, Page 40^. Where the Diame- 
ters of thefe Bodies are determin^ to be in the Proportion of 
Soooo,7gi| 997, and 109. 

ever 
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ever Boiling-hot^ *tiU 4t was all evaporaccd^^ and 
boiled away *• 

A. 1$ the ^Kff'sBodj one pure ivvxiiitcd Sub- 
ilance of Fire \ 

B. That none ^an certainly tcU > there bacb 
feemed Reafon to doubt it, iince the Discovery: 
«f the MaeulaS^resi or «SUbr Sf>e/s. 

-rf#. Pray, ^/r, what are they f 

S. The Aftronomers of kte, l^ pn^ 
Glafiea^ have diTcovecod many black Spots in th< 
apparent Face of the Stm } ibme fiippdTe diey^ 
•re a hcterogc o oous Mixture of opake Matter in 
the Body of the Sm^ which therefore in thofe 
Part^wiU always appear dark or bkck« Sonte of 
diofe Spots feem to be generated in the very 
Middle of the Sm'^ Diflc^ aod others feem to 
be diiSdved and vaniih there I fom^imesftyeral 
imall ones gather together^ and make a lar^ 
Spot J and fometioies a largie Spot it oblerVed to 
be divided, and cut into many kffir ones. Sooae 
Fhilofophers have dxHij^t they wore fm^ 
Flanets circulating round the Sim^9 Body very 
near it i and others have other Cdnje&vfes about 
them. They were firA difeovered by Caiik$, thti 
Italian Philofopber^ in the Yestr i4^io ^» 

jL Do 

* Since tlie Intenfity of Li^t aadibiKaieai die S^aare^ of 
Ae XKAuiceyredproealty, Shdfince the PrdpmHen of the Dif- 
tances of all the Planets from the Son is known, the Proportion 
of Li^ aad Hctft ac oack s» ^ottSkf laMi«, as s§ caprelled 

f Thatihay wtoftaw not hid ntOffm tmiif ^ slewing till 
Spots m the Soa^* wkh % Telofey or oc hwiwfe , waj have Smm 

ner Idea of them, Ihave caremlly Mittmedteh ti^tpfatt^i 
€ Sun's Face on^«|^. the 25 th 1 737, at 7 in the Morning, (ia 
IHg: XVflU <inPlati IX. fronting /. 1 3 2 .) Where the whole cir. 

cvlar 
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A. Do thefii Spots ftppear fined, orin.Mo- 
tSoa, oa the Sun'i Body i 

B.Tbey 

cokr Area rcpreTentt tKe Saii*s Face i on wUdi 700 fee the 
ppocs M tninf |>fO'p€f m AgnHttddt mm Smmms ftft tli€y thf^ kid* 
2« TIm 5lailMr 0f thtfe Syoci is »hMiyB?iHio«ntln and ¥Mi»* 
bkf "dsf^d when G«£iir<t Scbimrus^ Hptnlim^ &<• firft obferr*^ 
cd diftn, thai the Sun would fnqoeftdy wen en or more of 
ihefe Sptti : Bet n^w tfayi life. iMli^pMi^, who wnxe itoot 

£>«r5aYtarBa|e) he feldoti wean any of thofei'e/cikrt as if 
cy were grown oat of Fafluon, mu tnjm or^/Kwe Years hardljr 
^ eppeating. Yet» aboil the Year 1 700, ^as not ttnceoiaMn 

, to obtrte %o$ i i* or 2ai« and fomedmei mon Spots on tke 
Sun^s Difflb Aid now as die Son is fcarce ever to be obfenrai 
^Ithoot ftm^ Co they att generally very nttmerous, it not behg 
difceh to en nm e m e ao» )o» or 40 Spins patty diftinWy onAt 
S«l'« Fao^ bMidls maoy otbeis which app^ doili^ and obfcaie. 
t. As to their MaffdhiJh^ that Kkewiie is very Tariable» feme 
Mng fcarceljr tififale, and odiers nre4b larga even at hb Limb 
as to uke np an loodi Part ol hit Diameter, and more i and 
>fhich therefore will be fonini by Calculation to conuun a far 
greater Komber of (qaare Miles than the whole Snpericies of 
Oor terraqaeoes Globn, 
4. The Moikm^ of thefe Spots is very irregolart fo far as I 
\ coeld efer yet obferve 1 1 could never find that the fame Spou in 

the txuft Figafe» Nnmhery and Order ever retvmed hi any vegn* 
lar periodical Manner. And therefore what it here faideonearft- 
, ing die Modon of the SoUv is wholly on Credit from others. 

{. The M^sUBtyol the Amor Shafi of thefe Spoo is very 

. cofl(fidefab)e» » it alfo the Variety thereof ; bring fomedmea 

long» brotdy oval, ftddom nmnd. often angolar, and pointe< 

in feveral Parts, andwilloften vary thdr Shape i^rhile yon am 

Obfervingthem. 

6. SoBitdmesdiiofc Spots decay» and become Siady, nebdont, 
and of a mi|b^ Aspearance» and are at taft invifible befeie they 
go of the Di&. And thofe Spots and NeivU Or Mifts do feme- 
timet Ibddeah' ^Mb, ^nd as luddenly decay andbecodm exdnft, 

7. Specs which cottdnae iong on the Diik of th^ Son, are faid 
ollett to tmii to JP>aKJ^.or enceeding hig^t tm4f^m»*f^«rts,^$MA 
tb not continnelong on die San^sFace,before they nre exdngniAK 
ed or A&ppear. But dicfe F«fn£e, or flamiM Spots,ate very ram 
of late» fince I have never had die defirable Seht of one oFthem. 

. S. The fagadoes Mr. t>trlmm yttf radoaally fappofet^thit-^ 
Ittft 9)M ^ /lir StiOinMr timf$d^ fh$ Eruftian tfVidemmU ihmin^ 

ing iht dark Spotty which gradvaUy decaying ami J^emBng itjt^^ 
9^d^ fti ^f9ti difinfrm $9 Vwir0% md Nel^uU 2 thai is, to 

ShaJrw4 
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B. They all appear to move from the JEj/I 
iern to the fVeJiern Limb of the Sun, in about 
i2or-i3Days. 

A. Pray^what'do you infer from thence ? 
. B* Why, was it certainly known (as it is the 
general Opinion) that thofe Spots were really in 
the SurC^ Body ; then from their apparent Mo^ 
tion, we coaldi be aflured of the Sun^s real Mo:* 
tdoh about its oftn Axis, infomewhat above 25 
Days and 6 Hdurs : But if thefe Spots are only 
fc^ne diftind Etodies a&ually moving round the 
Sufty then we have no certain Knowledge that 
the Sun hatj^ any real and proper Motion at all. 

A. Hoi^, 5/r, do you fay no Motion at all : 
pray do we not fee hini move every Day from 
Bafi to Weft? 

B. He feemeth, iijdeed, to us (b to move : 
but that is one of the Fallacies of Sight, and 
indeed! the greateft. 

A. What! &>, will you pretend to^y. he 
idoth not move ? 

ShaAmn tmdWfti\ Jafliy^ the fuiiginous Mmtter heing quite Sff^ 
fatedf and Jpent^ the horrid Flames of the Vulcano appear^ and 
wmke the FfcuLf heforMlefcribfd, 

9. In obferving the Spots, C^r. of the Sun/ the; heft Way is 

to nfe aTekfcope of about 6f 8, or lo Feet Length, with a 

JmkedGlafs i^l^ztdi before the By e-Glafs next the Eye; if in this 

, Caie the Telefcope be, and a Micrometer fitted thereto, the 

Spots may with Eafe be meafuried, and their Appearances obferv- 

cd from Day to Day. Alfo the Sun's Image may be received into 

a dark Chamber (through a Telefcope with an Obje6l-Glafs and 

cme Eye Glafs only) on a Piece of white Papier^ which may be 

..jnagnified or diminifhed as Occafion requires ; this is aneafy and 

innocent Way, and that which I generally ufel 

. See much more concerning this curious Subje£k in the FbiL 

fran/aSioniy N*288, 294, 3305 or the fame, abridged by Mr. 

Jenes^ Vol. IV- P. 228 to 245. As alfQJnJ&rr/Vs texhon under 

the Word Macula. 

. . vB. Yes, 



\ "1 



\ 

■ 



^ 



Of the filar Spots, the Sun's Motion^ &c. 141 

B. Yes, 5/r, there is no Reafon to think he 
doth move ; and there are phyfical Demonflra^ 
tions that he doth not move. 

ui. Pf ay what are they ? 

B. One of them is this : l^batjince the Sun,' 
the Earth, and all the Planets, gravitate mutu^ 
Ally towards each other, they tnu/l all have ow 
common Center oj Gravity, about ^bich they "mujl 
all movei hut Sir Ifaac Newton hath Jhewn 
end demanjlratedy that this Pointy or Center of 
Gravity, is not quite a Diameter of the Sun, dijlant^ 
from the Smvls Center ; therefore /A^ Earth, and 
all the Planets, move round a Point not half the 
Diameter of the Sun, diftantfrom the Sun*s Sur^ 
face ; and this is the famishing to us, as ij the 
Earth, tSc. moved about the Sun itfelj *. 

A. Well, I cannot confute Sir Ifaai:, 'tis 
true ; but I can choofc whether I will believe 
him : Should not I fobner believe the Word of 
God, and my o^vn Serifes f. 

, JS* No : A Demonftration at once commands* 
Aflent, notwithftailding the literal Meaning of 
Scripture, and the Evidence of all our Senfes to' 
the contrary. No one needs be convinced of 
the Fallacy of Sight, who hath ever been in a 
Ship under Sail ; nor' was the Scripture intend- 
ed for a Syflem of Phyfeology ^f^. 

CHAP. 

• Trincipia Math. Hilof, Lib. III. Prop. 1 2. & CoroL The 
other Phyfical Demonftration of the Earth's Motion about th« 
Sun, fee in Ketllz Jjlronom, LiSlures, Page 34, 35, or in the 
Philology Library of Literary Arts and Scienfes^ Page 300. 

f I am forry any one ftiould take from hence an Occafion to 
fay thatlfpake irreverently orludicroufly of theyicrf/^tr/^/^m; 
1 think it would be very diftionourable and ridiculous to urge 
them in any Senfe againft a kn(mjn and demonftratid Trtab of 

»n/ 
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« 

CHAP, ni. 

Selenography, or the Philosofhy ef ib^ 

Moon* 

:A T T THAT is the Ec^ologK of tfao W^rd 
VV Sekmgraplyf 

B, It is oomponnded of U^m» the Mom^ 
and I>«9tr\ a Defeription i wherafor* it m^sftt \ 

» fbmkgUd DeTcripim if the Moom 

u?. You fpeak of the Mam io the JtHgifkrt 
«s if there was but one ; whereas juft now yoii 
numbered our JMoon widi feveral others. 

B> Yes, there are feveni other Meom, m 
Jupifer bath ^Moptu, and Saturn hath 5 AI!m«u i 
but becaufe we know little in9re of thtwn than 
their Number, Motions* and Piftancce from 
their prinuny FUmets^ we £h«ll omit tbetti 
here, and fpeak of them together with theii 
Primaries by and hf. 

A. Weil, iince the Mom is iJHromed with 
the Preheminence to be considered sJone i yt*y 
what do you firft ob&rye in Iter ? 

•ny kind. I efieeiD tkt Bible not only a jfift Hlftoijr of Ftfit^ 
but A divine Revdiltion, and the beft Syftem of natural Keligion 
in being ; but I am fe far from tilinking that we are to bo A- 
reded in Oar Sentiments of natural Science^ efpecially Pbilopr^ 
fbf 9Xki Afirwomy^ by the Scripiaret» that I am apt to believe 
thofe Sciences, as tkey are now and truly onderjGU>od> were cnr 
tirely unknown to the Writers of tfaofe Books. 

But if any one gives himfelf the Troubler be fliay fcn thflf 
Arguments for die Sun's Motion fairly ftated» and fally eon^ 
fttted in Varenim\ Gtog* Central . Par. I. Lib. I. Caj». ;» AtUi 
Giog, IntroduSion^ } 12. Joan, derici Pbyfica^ Lib. I. C9f* a. fk 
3. OaliUiSyflem Cofmic, Page 354, 356, ^57, 491, 644. Efijifi/sf 
Fmtl. Ant9n. FBjcarini, wholly on tkeSubjcd. ^ 

5.Ti» 
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B. 'Tis fbufid that the Body of the Mnm b 
« large, dark, opake* ibherical Body^ alike to 
our Earth in Matter and Form. 

' A. What Proportioa doth the Moon bear to the 
Earth in its Magnitude and D^nfity of Matter ? 

B. The Bulk of the Mom is to that of the 
J&xrfA, as 5863^3000 tq 258445900000, oc 
M 5 Co 258 ; that i^» the Earth is about 50 
Times (at leaft) bigger than the Mom ; the Den- 
iity of the Mson is to the Deniity oi^Eartb^ as 
4891 to 4000, or as 1 1 to 9 ; the Quantity of 
Matter in the Mom is to that of the Earthy a$ t 
1040^ or as 1000 to 39788,nK)re nearly ; and the 
Wei^ of Bodies on dieAfem'sSurface^is to their 
Weight on the EartH^ Surface, as 34 to 100 ^. 

A. Can you tell the particular Pimenfions of 
the Mooji% Body in Englijh Meafufe ? 

B. Yes : the Diameter of the Mcon is 217^ 
EngUfi) Miles, her Circumference therefbrei 
ffixA be 6829 Miles ; whence the Superficiea 
of the Moon will contain 141 5440 fquare Miles, 
ftiid her folid Content wiU be 53863 3 j 000 cu- 
bick Miles, as before. 

A. On what do thefe Meafiires depend ? 

B. On the Diftance of the Mom from the 
M^tb ; which fome Aftronomers make 59^ 
iomi& 60, fome 61, Semi^iameters of the Earthy 
that is, about 238920 Englijh Miles ; whence 
the Diameter of the Moon's Orb Will be 477840 
Miles, and Circumference thereof 1 50041 8 
Miles I which therefore is the Journey the 
Mom performs every Revolution "f". 

A. Then 

• Sec Nenvton Princip. PhiloJ. Page 468, 469. 
f Tbo Diftance of the Moon from the Earth is thus found 

tScc 
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A. Then you do allow the Motm to move 
about the Earth every Day from Eaft to Weji^ 
though you deny this to the Bun^ 

{S^Fig. XLVIir. on Plate IX. fronting f. 132.) Let ABC b* 
the Earth, V the Moon in the Zenith> and D the Moon in the 
Horizon : BI> i» th^ fenfible Horiz§n^ and CH die trut or raiio'" 
Mol Horizon. Sappofe the Moon in that Part of her Orbit neareft 
the Earth ; an Obferver at B woald fee the Moon in the Line 
BD, bat to an Eye placed in the Center of the Eardi C; ihe ' 
would appear in the Line CD j the former is her affaremt Flati 
known by Obfervation widi exa^ Inftruments ; the latter, her 
itutVlactp and is known from the 7ht9rj or Table : The Dif- 
ference of thefe two Places is found to be I* x' 10", and is the 
Bfcafure of the Angle BDC, which is called the Moon^s Uori* 
lumtal Parallax ; the Angle at B is a Right one, and BC is the 
Semi diameter of the Earth. Wherefore in the Triangle BDC 
we can eafily find the Side BD, the Diftance of the Moon from 
the Obferver B, by the following -Analogy % 
As the Sine of the Angle -*• Dsrii** : 2' x io"i=:8.2574i5 
To the Side ' BCzr i =10.000000 

So is the Sine of die Angle BCD^SS*^ : 57' : 50* =9 ,9999 zq 

TotheSide -' — ^ 08=55:27=11.742510 

That is, the Moon (when neareft the Earth) is 55 tU Semi-dia* 
meters of the Earth diftant from the Point B. But a Semi-dia* 
mecer of the Earth is 5982 Miles, which multiplied by 55 rlit 
l^iv^ 22oo85T4Milcs her neareft Diftancefrom theObfervej atB. 
In the fame Manner you find ihe Side CD=220344 ^ Miles, 
her neareft Diftance from the Center of the Earth. But hei^ man 
and greateft Diftance is Tarioufly determined, as above hinted. 

Again, to find the Diuneser of the Moon in Miles, let P be the 
Moon, and O her Center, join CO and PC ; then is the Angle 
OCP equal to die apparent Semi-diameter of the Moon at the 
Center of the Earth, which, Ibr the above- rtiendoned Horizontal 
Parallax, is i6' 52' ficc-Note * in Page 1 36) and CO is equal 
to CD=:220344 x^-Jand the Angle at Ois a Right ovie, whence 
die ^ide PO is thus fou^d.. ^ 

As the Sine of the Angle GPO=89^ : 43' : 8"s=9-999995 

TotheSide CO:i:220344Tj|=5-3426ii 

So is the Sine of die Angle OCP=:i 6' ; g^'^ — 7.690663 

TotheSide ' OPr=:i079i|=3.o33279 

V^hich is the Number of Miles in the Semi-diametfer of theMoon, 
the double whereof, 'viz/ 2 ! 59t§ is the Number of Miles in the 
Moon's true Diamfetef. This indeed is i6 Miles lefs than that 
aflign'd in the Text, but the Difference is too fmall to be regarded. 

2 B. The 
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B. The Moon doth, indeed, move about the 
^Eartbi and that in about 27 Days, 7 Hours, 
and 43 Minutes/ at a mean Rate : But this Mo?-: 
tiqn is not from Eaji to TFeJiy but on the con- 
trary^ from fFeft to Ea/i^^ every Day about 13 
Degriees and 10 Minutes.- 
^ -^. How comes it then to appear to do thus ? 

B. By reafon of the daily Motion of the Eartb 
about its own Axis from ff^i to Ea/l once in 
24 Hours-} which maketh the Sun^ Moon, and 
all the beawnly BodtHy appear to move the con- 
trary Way from Eaft to Wejl in the fame Time, 

A. Pray why do we fee the Moon rife and fet 
iabove an Hour later every Day than another ? 

jBi I fhall make this eafy to conceive : Thus, 
fuppofe T be the Globe of the Earth, WSEM 
the Orb of the Moon ; let AD reprjefent the JHb- 
rizo^y in which let the Moon D be on any Day 
at her rifing and fetting, in E and W : Now be- 
Caufe the Moon rrioves every Day about 13^ 10' 
from fPyi to EaJi, let thit Diftance be repre^ 
fented in the Moon's Orb by WF and EH ; 
therefore at the fame Time, on the following 
Day^ the Moon will be under the Horizon at H 
at her rifing, and above the Horizon at F, at 
her fetting the Day before : where the Surface 
df the Earth niuft turn from A to B, and from 
D to C, before the Moon will be again in the 
Horizon at rifing or fetting ; which Motion from 
A to B, or from D to Q takes up about aa 
Hour*« Time, more or Icfs, every Day/ See Pig. 
3CXL on Plate XIII. fronting f. 155 f. 

A. Sir, 

f In an oblique Sphere* all great Circles interre£iing the ffiu « 
xoSiaJf'willt in the Revolutioaof the Sphere^mterie^ the Horizon 

K with 
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A. Sir^ I thank you ; I pcrfedly underftand 
you, ant) the Meaning of this Phenomenon : Pray 
hath the Moon any other Motion ? 

B. Yes : She revolves about her own Axis juft 
Ia the f^me Titne (he performs one Revolutibh 
about the Earthy viz. in 27 Days 7 Hours 43' :f . 

A. How arc you fure of that? 

B. Becaufe at the fame Times we always fee 
the iame Face or Side of the Moon ; but this 
could not happen, unlefs a proper Motion about 
its Axis turned every Day juft fo much of the 
Moon's fiody to the Earth, as her periodical Mo- 
tions turns from it. 

witb difFereot Angles at every difTercnt Part tliereof. Thus with 
l^fpe^t to the Ecliptic, when the Begnn^iag of LiBr4 is $rif$it^ or 
ri&9g in the Baft, it then m^i^es the greajceft Angle with the Hori* 
don ; when Capricofn k orient, ihe Angle is mean, and whei^ 
Anes is ovient» tbiO Aogle is leaft of ail ^ and theref^i^ when the 
Moon is full in the Beginning of Liir4i^ one Day*s MQtion de- 

JrelTea her farthefl bebw the Hof izon« and leaft when in the 
ie^nning of Arits i confequently the Difitrence of her Itifing 
en<;h Day nt the r^ him/ Equinox will be greatell;^ and leaft of all 

Now Eaco the M(>ob> Orh inter feAs the Ecliptic to an Angle 
of ahoat 5 Degrees, when thef^ Points of loterfe^ion flu41:haift- 
pen to be in the Equinoxes, a full Moon in the beginning of Libra 
will' rife bter the next IX^ after by t Hour and about 20 Minutes ; 
and in the Beginm ng of Aries, by the diftrence only of about 20 
Minutes. And if the Moon be in Perigeum at fuch Times, the la- 
tervals of her Riiing will (till be greater in the former Cafe, and 
leAer in t?be latter. Thus the Autumnal Juli Moon rifes near an 
IJom- fyinnii^ the neJit ^h^jy than the Vfrmd One^ whence, hf ^mf 
of DijftinAiQnt k is vulgarly caird the. -fli2r«i;i!^ MQon. 

X The Revolution of the Moon thro^ the Zodiac is callM a Lu» 
nation* and 1 2 of thl^fe Lunatiiens or Revolutions is a Lunan Tear ; 
and which takes up the5f>4ce of 3 54 Days 8 Hours 48^ 5S". Tile 
Difference between this, and the Solar Year, which contains 36^ 
D. ; H. 48' 57'^ is alfioft 1 1 Days, which ChroAologers eall the 
EfaSl. 5ee my Pbilolog, Library^ Page 338, 350, &ff. 

And becaufe the Moon's Motion abiout her Axis is performed 
in the fameTieie as al^ii^t. the E^rth, the t^narififu have theic. 
fiyothtmrw or Vatur^lBwf eq^ual to their Months* 
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^. iThis mull be a wonderful Harmony an4 
Correfpondence of Motions, indeed ! But what 
is^ the Form of the Moon's Orbit ? 

JB. The Moon's Orbit is elliptical, btit is per- 
petually changing, and never continueth the 
fame Species, or of the fame Figure. 

ji. How fo ? 

B. The Caufes of Inequalities of the Motions 
of the Moony and the Form of her Orbit, arc 
the different Attradtions of the Skn and Earth, 
the Eccentricity of her Orb, and the Obliquity 
of the Axis of her daily Motion *. 

j4. I think you agree the Moon rfeceives all the 
Light fhe fhines with from the ISun. 

B. Yes, ihe does fo ; and by Refleftion con-^ 
veys it to us in the Suri's Abfence -f, 

/i. Pray,. Sir^ give me leave to afk what Is 
thfr Reafon wh^ fome Parts of the Mooh'^ Facft 
look dark, and others light ? 

J?. The bright Parts of the Moof^ Body are 
the more eminent Parts of Land, which reflect 
the Light of the Sunyks Hills, Mountains, Pro- 
montories, Iflands, &c. and the dark Farts ^ 
the Moon are thought to be Seas, Lakes, Rivers, 
Fens, &c. by fonte ; and by others, they arc 
iaid to be . fhaded Vallies, Caverns^ Pits, Gfr. 
But in Truth they reprefent toth Water an J 
ftiaded Places; for neither of thefe refkfting. 
Light mui): appear dark and not bright. 

• Concerning the Irregularities of the Moon^s Motion^ and her 
compleatTheory, fee Nejvton', Princip. Lib. III. Qregorf%, Whif" 
ton\ and JSur/'/Ts Ailronomy ; alfo Mr. LeaSnter' s Booki ol 
Aftronomy. 

•f- The Sun*8 Light by ReflefUon from the Nfcpn is fo very " 
treak and effcet^, that it cannot be made to produce any fenfiblc 
Heat by the beft of Burning Glaffes yet made. 

K 2 A. Then 
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A. Then you fuppof? the Moon to be inha- 
Mted, I find ^ I have heard there be fome of that 
Opinion.' 

B. Yes, undoubtedly ; to what End elfe cart 
ferve the Diflxibution of Land and Watcr„ 
Mountains and Vallies, Caverns, Pits, Gfr. ? 
Befides znjtmojpbere of Air (and thereby Winds, 
Clouds, Rain, and other Meteors of Confe- 
quence) has been lately difcovered about it : No 
doubt but they ferve the Purpofes there as here, 
to nouri(h and fuflain Men, fieafts, and Vege* 
tables J. 

A. Indeed, if it be fb, your Reafoning and 
Jhferetices are very jufl : I wifh I could have tho 
Happincfs of viewing the Face of the Mooii 
fhrough a good Telefcope^ for my own Satisfac-. 
tion, 

/ B. Tis a very great Curiofity indeed ; I can, 
tell, becaufe I have thus viewed it many Times,. 
I fhould be glad if the W^eather would permit 
toe now, tflf gratify you in this Piarticular 5 how- 
ever, to make aoiends for that, I can ihew you 
the Face of the Moon curioufly engraven, and 
jtlft 3fe it appears through fuch a Glafs, with 
the Barnes which feveral Selenographifts have 

•• • * 

. % That the Moon is inhabited, few have doubted ; bat it is a 
great Queftioa with fome whether there be an Jtmofpbere about 
fier, and orhers flatly deny it. See Hugeni% CoCnioth. Book II. 
tmAGiiTs Aitron. LeA; X. 

The Moon through a gpod Telefcope not only appears /«r« 
/if/ffy globular when at full, bat at other Times to have all the 
Varieties of Mottntains^ Fales^ and Seas, as we may fuppofi^ a 
Lanarian can behold in our £arth. 

They who would fee the Manner of Meafuring a Lunar Moun^ 
tain; may coijful^ Mr: Derham"^^ A^YO-Theol, Book V. Chap„ 
2. in the Noces, and the Authors therejeferredto. As alfo my 
Ydung Trig* Guide, Vol. I. Part II. Chap. 3. Sed. 20. and 
Knlt% Aftr. Left. X. Page 107/ 
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given to the fevcral light and dark Parts thereof. 
See tig. XX. on Plate XI. fronting /. 1 49, 

\ - ' 

C H A P. iv/ 

<y Planetography, or the Philosophy of 

7^^ Planets. 

I 

-/fiTJRAY what is the original Meaning of 

X the Word Planet I 

B. It is a Gr^^iJ Word, and derived from the' 
Verb UKoLydiof4,otiy to wander or ^^r^^ ; whence 
the Englijh of this Word is, a wandering Star. 

Ay I think, I remember, you told me there 
were two Sorts of thofe Planets^ or wandering 
Stars J the firft you called primary Planets^ the 
other Secondaries^ or Moons ^ or Satellites. 

B. *Tis true, I did : And the primary Plane ff^ 
viz. Mercury^ Venm^ the Earthy Mars, yupiter^ 
and Saturn^ are principally here intended, as the 
$ubjedl of our prefent Difcourfe j and the Secon-^ 
daries we will only corifidcr araongft thq Acci-^ 
(knts of the Primaries. 

A. Well, Imce a Planet hath its Name from 

' its Motion, wc will firft begin with the Mo- 

lions of the Planets^ if yoq plcafe : And, pray, in 

what Order, Form, or Manner, do the Planets 

move ? 

J5. I have already faid that the Sun is the 
Center of our Syflcm, about which the Planets 
all revolve in different Diftances ; i Mercury^ z 
Venus ^ 3 Earthy 4 Mars^ 5 Jupiter^ and 6 
Saturn^ as you fee them in the folar Syftem 5 the 
J**orm of their Motion is elliptical more or lefsi^ 
and tioX perfectly circular ; and they all move 

K 3 round 
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round the Sun in Aich Manner as fo defctibe equal 
Area% of Space in equal I'imes. 

A. Pray, Sxr, if you can, illuftrate this Mat- 
ter by a Scheme. 

B. 5/r, that may be done very eafily : Thus, 
let S be the Sun,^ ABPCD the elliptical Orb of 
a Flanet P ; then the Part of the Orb P is called ' 
the Peribeliumy being the neareft Diftance from 
the Sun ; and the Part A is called the ji^bitium^ 
as being the farthcft Diftance from the Sun^ and 
SE is called the Eccentricity of the Planet ; and 

. as this Eccentricity is lefs or greater, (b the Orb 
of the Planet A^ lefs or more ellipticaU See Fig. 
XXII. on Plate XIII. fronting /. 155. 
. A. But you have i^ot yet (hewed what ia 
meant by a Planet's defcribing equal Areas in 
equal Times. 

JB. This is no more than to fay, if theTiraes, 
in which the Planet moves in his Orb from J? 
to C, and from C to D, ^nd from D to A, be*, 
equal to each other, , then the Areas or Spaces 
PSC, CSD, and DBA (dcfcribed in thofe equal 
Times, by Lines drawn from the Planet to the 
Sun) will alfo be equal among tb^mfelves, and 
the contrary *• 

A. But, pray, do you affign fuch very une- 
qual Portions of the Orbit to be pailed over ia 
equal Times ? Do not the Planets move equal 
Diftanccs in their Orbs in equal Times ? 

jB. No, , very far from it ; for the Velocity of 
a Planet's Motion ia difFerp^nt in every P^t of its 
Orb, being fometimes greater, and fometimes lefs. 

* By the contrary, is meant only thai if the Areas defcribed be 
•qual among themftlves, tHe Times in which t)iey were deicribe4 
wU alfi) beequak SttNewtm* Prjuicip. Lib. IIS. Prop. XIII. 

^ A. How 
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^. How happens that ? 

B. By Gravity, or the Sun^% Attraftion : For^ 
when die Planet \t inP, the 52/^ attradleth it 
moft ftrongly ; and therefore the Motion thcte, 
and there-abouts, is greater than any where elfe : 
Again, when the Planet is in its Apbelium at A, 
at its greateft Diftance from the Sun^ it is then 
leaft afieded by the Power of Gravity, and con* 
lequently the Motion there, and thereby, is the 
leaft or flowed of any Place in the Orb. Bur> 
when tjjie Motion Js fo unequal, the Arches PC> 
CD, DA, mud needs be fo too, though defaib^ 
ed in equal Times • 

A. Sir J I conceive it muft be fo now ; I did 
not think of th« Sun's Attraction : Since there- 
fore thofe Areas are always proportional tt> tht 
Times ; pray what Proportion of Gratvity or 
Attraftion will produce this ? 

B. The Power of Gravity is always recipro- 
cally, as the Squares of the DiAanced of the 
Planet from the Sun : Thus, fuppofe the Di- 
fiances SP, SC, SD, SA, were as the Numbers 
5, 6, 9, I o, then the Power of Attraction in 
thofe Diftances would be reciprocally as their 
Squares, i)iz. 100,81, 36, 15. fo that it would 
be 4 Times greater in the PeriheliumVj than in 
the ^pbelium A ; and this is the con/tant Law 
of dl the Planets both primary and fecondary. 

. A. Pray what other AfFedtions are obfervable 
of the planetary Motions ? 

B. The Planets^ as I told you, all move about 
the Sun in reality from We/l to Eajiy and yet 
they fomctimes appear to move the contrary 
Way from Eaji to IFeJiy and fofnetime$ not to 
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move at all for fome Time ; and thus they arc 
iistid to^bc direSi^ Jiationary^ or retrograde. 

ji. I ftiould be glad if you could explain thig 
to my Apprchenfion by a clear and eafy Scheme. 
^ ^ JB. That I will endeavour to do : Therefore 

let S be the Sun, ACE the Orb of the Eartb^ 
andFGI, a Part of the Orb of any one of the 
fuperior Planets, fpppofe Jupiter 5 alio let QR 
leprefent the Arch of the ftarry Heavens, whercr 
inweiee and determine the Places and Motion^ 
of all the Planets : (See Fig. XXIIL on Plate 
XIII. fronting p. 1 55) No wr, fuppofp the angu^ 
iar Motion of the Earth be fo much greater than 
' dhat of Jupiter, that while the Earth defcribes 
the Arch ECA, Jupiter (hall only defcribe the 
Arch HGF : then ^tis eafy to conceive, that' 
^hen the Earth is in E, the Planet at H will 
$e feen amongd the fixed Stars at M^ and fo he 
will alfo when the Earth is arrived at D ; there- 
fore all the Time the Earth is paffing from E 
to D, the Planet will feem to ftand ftill about 
M, and is faid to be Stationary : Again, when 
the Earth is arrived to C, the Planet will really 
* be cApved forwards to G, but will be feen from 
the £^/^ at C, amongft the Stars at N ; where- 
fore while the Earth paflcth Eajiward from D 
to C, the Planet will appear to move Wejkoard 
from M to N in the Heavens, which is back- 
ward; alfo, while the Earth moves from C to 
B, thd Planet will ftill feem to move backwards 
from N. to O, whefe it will again be Stationary 
till the Earth come? tq A ; Do you underftand 
fner ' 

ji. I belieVp I do : You mean t^at while the 
Earth paiTes from £ to D, and from B to A, 

too 
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the Planet Jupiter will appear ^not to move ji^ 
the Points M and O ; and theti he is faid to be' 
iStationary : Alfo while the Earth is paffing from ^ 
P, by C to B, and though Jupiter really moves 
in his Orb from H to F Eaflwardy yet he will 
fecm to us to move from M to O. ff^efiward^ bt 
Backwards j and during that Time is faid to be 
Retrograde : I think this is the Matter as ypn 
intended I fliould underftand it ; is it not ? 

B. Yes, I am gla4 to fpe ypu underftand this 
intricate fhaenomenon fo well ; and in a like 
Way you may underftand the fame of the Jnff -- 
rior Planets. / 

^. Pray what particular Affedions hath each 
Planet? 

B. Eclipfes are peculiar to the Earthy Jt^^^ 
^tfr^ and Saturn^ becaufe thofe Planets in parti- 
cular have Moons ' or ; Satellites moving round 
them, which occafion thofe ^clipfes ; alfo one 
Thing is particular or peculiar to Saturn alonc^ 
and that is a furprifing Kind of a Ring, encir- 
cling the Body of this Planet at a great Diftance, 
Lqfllyj Jupiter hath the Appearance of Belts 
girding his Body 5 and Jupiter ^ Mars^ and Vt^ 
nusy are found to have dark Spots on their 
Difks.. 

ji. Well, that we mfiy have fome regular 
Account of thofe wonderful Particulars, let mp 
know firft cohcerning the Nature, Number, and 
Diftances of tht- Moons or Satellites ^rtadnin^ 
to the primary Planets. 

B. The Earth hath ont Moon^ of which alrea-* 
dy : Jupiter hath 4 Moons y and Saturn 5 Moonsi 
The Times in which they feverally revolve 
gboi^t t}^e;r l^ri^v^ies^ an4 their Diftance in 
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Sedii-diameters of the Bodies of Jupiter and 
Saturn^ are as here foUovv: 

In Jupiter. 

D. H. M. 



I SmttlUit 

a .1. 

3 

4* ' ■ '■ 
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In Saturn. 



D. H. M. 



I ^atelRte 
1 — - 



1 : 21 : iSl r "rf T 

2 : 17 : 41 I Dlftancc { 2 | I Scmid. of 
4 : 12 : 2$ V from Satitm*s < $ \ > Satum'i^ 



4 ——-15 : 22 : 41 I Center. 
J *o : 22 : 4J 



S I Ring^ 






Thcfe Moonsy and their AffeSiionSy were all 
diicovered by Means of the Tele/cope -, and, | 

before its Ufe, were unknown to the An- I 

ticnts -f-. 

A, They 

f In tlie Begriming of the Year 1665, the famous Chrif. Hu^ 
gms difcovered the biggeft of Saturn's Satellites with a Tdefcope 
of 1 2 Feet, and is the foarth from Saturn, The other foor Sa- 
tellites of Saturn were all the Difcovery of Mr. Ca^uiy the 3d 
amd 5tk in the Year iSyi^ i672» and 1673^ but the rft miA 2d 
were not difcovered till the Year 1684, by extraordinary Glafles 
of 80, 100, 1 50, and 200 Feet in Length. 

2. All^ Jufitir*s Satellites w,ere difcover^ hf Galileo ^ on Jan, 
7» 1610 s And from that Time to this no more than 4 could ever 
be feen. Thefe Moons are eafily feen with a 2, 3, or 4 Feet 
Glafs. efpecially with ihort Focus Eye- GlafTes ; but to make exad 
OUbfVatioiu of their Motion*, a Glafs of le or 1 2 Feet is necef- 
fary ; but a good refleding Telefcope of 4 or 6 Feet is fufficieat 
for viewing or obferving the Satellites cither of Jupiter or Saturn. 

3. M. Molyntaujt in the Year 1681, Vo^, 2. at lO at Night, ob- 
ft^ ved a toted Difafpemran^ of all Jupiter*^ &UelUtes at once ; Jn^ 

pitir 
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A. They are certainly noble DUcoveries$ 
but you fay they are the Caufe "^ of Ecliffis to 
their Prinoaries ; how, I pray you ? 

B. This, both in the primary, an4 alfo In the 
fecondary Planets^ will be beft underftood by a 
Scheme, ihewing the Ecliffes of the Earth and 
Moon: For, in Fig. XXIV.. on Plate XIIL 
fronting p. 155, yqa obferve the Earth £» 
in her annual Orb AB,, moving about the Si4n i 
at the fame Tin^, you obierve the Mom 

fiter then appearing folitaryy as it were iefttttd by hk Guanb | 
^ad a6old Ludan might have poird him fron hit Thron* with- 
out Refinance^ fays tjlie jocofe Author. But they weve the firH, 
$ds and 4th on his Face, and the zd behind his Body, ti| dte 
Mannei at Keprcfentcd ta Fig* XLIX. on Ftstt XII. firoaliag 
fu 153, See J^d^ii. Diopt. Page 2719 istc, ^ 

4. For the Satellites of Jupiter or Saturn may be rendered ia« 
vifible to 118 four Afferent Ways, fee Fig, L. qb Plate Xlf . froM* 

%t/ *S3 •) Let S be the Su9a E the Earth, I Jupiur w Me 
rbitGH, and a,h, c, d^ his four Satdlites about him. Then, 

II.) A Satellite may ^ ecHpfed by 7»!^/V^r^& Shadow ID, (z.) 
t may be hid behind the Body of 7«/iV«r ia the Ltae tF« (3 ) 
It may pafs over the i^ace of Jufitett, whofe greater LiffhJ: will 
render that of the Satellite infenfihle. (4.) Lailly, One bateltite 
may paft before and intercept the Light of anmlMT ; tho* tlu* ie 
a Cafe that very rarely happens. 

5. Notwithftanding the Satellites have all a circular Motion 
aboat their Frtmarf^ yet when they are viewed, they appe^ to ht^ 
and to nmw in ^pak Um fituated Raft and W^. Tbje Rc^fiM 
whereof is» that , fince the Planes of the OvUta of the Satel- 
lites do nearly pafs thro^ the Eye of the Spectator, either half of 
any of their circular Orbits, as ABC or ADC, will be pvojeflU 
ed into its Diameter AC^ and conicquestly its SatdUifl^ vith it $ 
and thus the Satellites, if fituated in the Orbit in a^ h, c^ e^ 
will appear to a Spedator on the Earth at T, in the Right Line 
4c in the Points e^f^gyh, 

6. Alfo while the Satellite is in the neareft Semi-cirde CBA* 
\r aj^eais to move from Eafl to Weft in the Line CA ; but while 
lie pafiea the remote Semiciicle ADC, he will iheo ap{>eair to 
triiurn from the Weft to Eaft along the fame Line AC ; io that in 
oneRevolution he appears to move twice thro* the Right LineAC. 

7. From hence alfo it appean, that the Qioft diflant Satellite 
may appear nearer the Bo<ty of Jupittr than the neatefl ; and 
the contrary : which is fo eafy to conceive, that I need not per* 
plex the Scheme for an Example. 

moving 
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moving about the Earfb in her Orb : Now 
tvhen the Moon is in Conjundlidn with the Sun,,' 
i. e. when (he is juft between the Earth and 
Sufiy and is, what we call the New Moon^ as a( 
M ; then 'tis evident her Shadow will fall on the 
Earth at E, and confequently will hide fome 
Part of the SurCs Body from thofc who dwell 
on that Spot; and this is what they call znEclipfe. 
of the Sun yhxxtis properly an EcUpfeoithtEznhi 
for you fee 'tis the Earth that is really darkened^ 
fmd not the Sun : Alfo 'tis evident, when the 
jMioon is in the oppofite Part ©r her Orb at N, in 
4ired: Oppoiition to the Sun^ that then the 
Earth being exadUy between the Sun and the 
Moony will cad her Shadow on xhtMooni and 
the Moon being thus o^erwhelmejd in the Sha- 
dow x)f . the Earthy will appear dark or dufky, 
and is properly faid to be then eclipfed. 

A. This, indeed, is fo plain and evident, I 
believe none can look on it, and not apprehend 
the Manner and Caufe of Eclipfes. Pray^ can 
you tell the Quantity of Eclipfes ? 

B. Yes ; The dark Shadow of the Moon co« 
vers a Part of the Earth's Surface, about 1 80 
Miles in Diameter, and movcth at the Rate of 
2 1 04 Miles an Hour : But the partial or penum^ 
hral Shadow extends to the Width of 4900 
;|VIiles : And as to Lunar Eclipfes^ the Diameter 
of the Earth's Shadow at the Moon^ is near j 
Times greater than the Diameter of the Moon j 
Itfid therefore thp Moon :J:, in central ^(lipfes of 

hep 

I Tbe Natu^pf *Sel(wfeli(/i wiU be forilicr evident from 
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hert)iik is totally darkened, or ecllpfed, for 
fdmc Time. ' - ^. So, 

ftf. Ll. on Ptdie itth frohtiAg Page 153, wWc S is the Snn^ 
T the Earthy and M the Moon. From the Extremities of th^ 
Son draw CF aftd CB on one Side, and DE and DA on the 
other, touching and including the Moon*8 Diameter. Then iC 
!s manifeft there Will be two Kiiids of Shadows produced froifl 
die Moon ; one determined by the Rays CB and DA, and ispro^ 
perly calFd the iiari Shadow^ becaufe an Eye placed with that 
cannot poflibly fee any P^rt Of the Sun's Diik. The^ther is 
determined by the Rays CF and D£« and is call' d the Penumbra^ 
ox partial Shadow, becaufe to an Eye placed thermn^ the Sun will 
be in part vtfihle, and part/y oh/cured % and as the dark Shadow 
is a Com, whofe Bafe is the Moon, fe the Pinumtra Shadow ii 
alfo a Cone in a contrary Situation, its Verttx being above the 
Moon at V, and its Bafe at an tnfinite Diftance ; tho^ the Part 
of* this Cone above the Moon beonly iimi^ff^, aiid is equal t6 
the Cone of the dark Shadow below the Moon* 

From a View of the Figure, then, it mnft be plain, that thd 
Inhi^bitants of the Earth between P and A will be within thtf 
partial Shadow, and will perceive only a Part of the Sun edipf-^ 
cd, which partial EcUp/e will be fo much the greater^ by hov/ 
much the Spe^ator is near to A. At A the Sun begins to be 
wholly obfcured, and all within the Sedion of the d^rk Sha-* 
dow AB will perceive a total Edipfe of the Sun, which ends ae 
B, where it again becoipes partial. And this is the dark and 
penumbral Shadow, whofe Dimenfions were above given. In fome 
Niw Moms, the Latitude of the Moon from the Ecliptic is fuch, 
that pnly the penumbral Shadow can fall on the Surface of the 
Earth, in which Cafe there will be only a partial Edipfe ; and 
fometimes the Latitude will be fo great, as to give die Earth 
Room to pafs by the P^jyin^ra without touching it, and then 
there will be no Eclipfe at all. 

The manner of repr^fiinting a Solar Ecl^fe in this way is i^xttC'^ 
lypiyfical, or according to Nature; but the more Aftronormei 
Vfzy is that according toFig, LIT. on Plate XIL fronting Page 
153, where the Moon's vifible way AB is reprefented interied- 
ing the Ecliptic or Path of the Earth (at the Time of the 
Eclip/e) in die Point ^, called the Node. ^The Circle HCI is 
the Surface of the Earth, and D, F, and G the Section of the 
penutohral'sLjid dark Shadow of the Moon, as feen f^om die Moon 
on ihe Earth in the Tirne of the Eclipfe. At D the Shadows are 
Jaft entering on the Difk of the Earth, and theEcUpfe begins^ 
. |he Middle whereof is at F, and at G, the Shadow is got clear 
off the Diflc^ and the Edipfe ends. 

In Fig. LIIL'on Plaie Xlt fronting Page 153, die Lati^ 

tude of the Moon KL is fuch that the Shadow only touches the 

' Djlki but does not enter or obfcure any Part thereof. In this 

1 Cafe 
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A. Soi I fuppofe> EcUpfet happen to Saturn 
and Jupiter^ on account of their Moons ; and 
likewife to the Moons themfelves^ as well as to 
oar Moon^ 

B. Yes ; but the EcUpfes of thofe Planets 
are much more frequent than of our Earthy the 
Number oi MoonSyBnA their quick Circulations^ 
neceflarily making them fo^ alfo the EcJip/es 
of thofe Moons or Satellites are very frequent^ 
one or the other being continually pafling thro^ 
the Shadow of their rrimary* 

j{. Well, leaving the Moon and their Eclipfes; 
pray let me hear a Word or two about the 
wonderful Ring of Saturn that you mentioned 
juft now. 

B. This moft furpriiing Pbcenomenon of all 
the vifiblc World, was firft difcovered about 
100 Years fince: It is of a prodigious Size, 

freat Breadth, and vail Compafs ; it is faid the 
>iflance of the inner Border of the Ring, from 
the Body of Saturn^ is equal to the Breadth of 
the Ring itfelf, each being computed to be at 
lead 2 1 ooo Miles ^ though others make thd 
Interval between the Ring and Saturn s Body to 

Cftfe tke DiftsBce K.^ is the Limit of the Bclipfe, becaufe 
the Bitfth within that Limit m\\'vtc€vrt the Shadow in part 
or whole, and beyond it it will not. .Now the Angle AK} 
is variaUei and when Icafl the Ecliptic Limit ^K is great- 
er, and when that Angle ts greateft, the faid Limit is leaf{, 
TheLtmk, whenleaft^ is 14^6' 36'', and when greateft, 16^ 
18* }". 

After ft like Manner yon toniider an Eelif/e of theM?^;^, whofb 
jr«i(p^!mi/ £iW#i or Boundaries are. thegreateft 12^2' 24"; and 
tfaeleaa9'»3r24'. 

See nore cefwceming theie Affairs in Mr. JVhiftotPs and Keilft 
Aftron. Ledlures^ and my Young Trigon* Goidei Vol. J. Patt 
IL QkuL 1. 
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be 210265, and the iSreadth of the Ring to be 
29200 Miles ; its Thicknefs is unknown, as be^ 
ing too little for Obfervation 5 it hath a Variety 
of Afpedb, fometimes appearing a large Ellipfis^ 
then a fmaller ; fometimes only as a flrait Line, 
and fometimes not vifible at all : Thefe are the 
moft remarkable Particulars of this Prodigy of 
Nature khown by us j as to the Matter of which 
it doth confift, that is not known by any : 1 
have given you a Reprefentation thereof in Fig. 
XXV. on Plate XV. fronting p. 187 J. 

j1. This is aftonifhing, and fiiU of Wonder 
and Amazement indeed ! But did not you fay 
fomewhat of a like Nature pertained alfo to Ju^ 
piter I pray what are thofe Belts of his you 
mentioned but now ? 

jB* Thofe Belt-like Appearances of Jupiter 
are fuppofed to adhere to, or be in the Surface 
of his Body, and not at a Diftance from it^ as 
the Ring of Saturn is from him ; they are 4 or 
five in Number, and appear as reprefented oq 
Jupiter^ Body in Fig. XXV. on, Plate XV. 
fronting p. 1 87.. 

A. And, pray, what are thc^e Belts fuppofed 
to be ? 

JB. Some have imagined they are long Caiials 
of fome fluid Matter, or Water, and, becaufe 
they have alfo obferved feveral dark Spots on 
the DHk of Jupiter^ they conclude his Surface 

% The celebrated Ga/ilecw2i$ the firft who difcovcr'd an^ thjng 
•xcsaordinaiy ki the Phafis of Saturn, ^;v. Dom\ i6io O^oieri. 
1h^ Mr. Bfigeni irft difcoverM it ta be a Ring incompaffing hi& 
Bodx >it a Dift^nce, and publifhed it to the World, Jn. 1659, in 
his Book oallM the Saturman Sy^em. See more concerning this 
Fh^fmtMHQH in Dr. G^egoryH^ Dr. Kis/i's, and other Books of 
AftroAomy ; as alfo Mc Dirham'% Jfiro-^btology. 
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18 divided into Land and Water^ as that of our 
Globe is» and is therefwe tnhabited ^ as they 
alfo fuppofe all other Planets are *. 

A. Then they imagine the Planets to be fo 
many Earths, or peopTed Worlds ? But do not 
the different Diftances of the Planets render 
that impoflible/ by occafioning too great Light 
and Heat in fome, and too great Gold and 
Darknefs in others ? 

; jB, Thi;ir Bodies, with tlicir leveral Organs^ 
of Senfe, are undoubtedly fuitedl and adapted w 
the different Cdnftitutions and Temperaments 
pi the Planets f which are the Extremes, by the 
fame almighty Power, 'land all-wife Providence, 
Vhich hath fuited our Bodies, &c. to the State 
bi this Planet we live on, which is the meanrf 

An What are the different Dimenfions, Re- 
Volutions, Denfities, Quantities of Matter, Lights 
Heat, &c. of the ifix primary Planets^ we are 
difcfourfing of ? 

B. Thefe Will be all feeri- to the beit; Advan- 
tage, and compared in one general View ; to 
that End I have drawn tip a ^nopfis of them 
all together, as you here fee, all grounded on 
Mr. Whijion's Calculations, which arc the moft 
moderate of ^ny : I have moreover drawn the 
fix primary Planets in their true Proportions of 
Magnitude on Plate XV. fronting/. 18^7. 

A. Sir J 'Tis very good ; | take it as a greaf 
Favour, and humbly thank you. 

* I nerer yet could be fo lacky as to obtain a Sight of thefd 
Belts and Spots in Jupiter, tho' I have often endeavoured h witk 
a Tube 12 and 16 Feet. The remarkable Spot difcovered by Mr, 
Hooi, in 1665, May 9th, at 9 at Night, is that by which the IvIo< 
tk>n oijufittr about its Axis is determined to be in 9 Hours ^6'. 

- . C H A F. 
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Of the Comets^ their Metion^ &c# 1 6 j 

C H A P. V. 

Of CoMETOGRAPHV, or the Philosophy 

of the Comets. 

A.'T TAving thus pretty largely converfcd 

JL X ^^^^ ^^ Planets J and viewed their 
various Natures, Numbers, and AfFedtions ; let 
us next, if you pleafe, difcourfe of the Comets : 
And, in the iirft Place, pray tell me what the 
proper Meaning of the Word Comet is ? 

B. Comet is a Greek Word, derived of the 
Verb KofjbaoTy to have long Locks, or wear long 
diflievelled Hair; bccaufe a Comet feems to 
have as it were a long hairy TaiL 

ji. Pray what is the Matter or Subftjnce of 
a Comet f- 

jB» Sir Ifaac Newton faith the Bodies of C?- 
inetSy or blazing Stars, are folid, compaft, 
fixed, and durable Subftances; and are, in- 
deed, but a different Kind of Planets, which 
move about the Sun, and fhine by the Light 
of the Sun-Beams reflefted from them*. 

ji. How many Sorts of Comets are there-? 

JB. Comets receive a Divifion or Diflinc-- 
tion on Account of thq different Form of their 
Tails : Thus, 

Cometa Crinitus, yrhich ^afts forth Beams 
like ffo/r. around it. 

Cometa Barbatut, having a Tail refembling 
a Beard. 

Qofhja Enfformisy llaving a Tail like a Sword. 

? Priodfia Pbilof. Page 508. 

L J. Why 

/ ; 
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A. Why, iS/>, do the Comeu appear with 
blazing Tails, and no other Planet or Star do 

B. This lecms owing to fome peculiar unc- 
tuous Matter in the Bodies of the Comets j which 
by their Approach to the SuTis Body, is prodi- 
gioofly heated, rarified, and made to fly off in a 
fiery Vapour, on that Side oppofite to the Sun, 
in the Form of a long Tail, growing wider and / 
thinner (as all fumy Vapours do) the farther 
it proceeds froni the Corners Body. 

A^ Then you fuppofe, I find, that the Comets 
revolve about the Sun, as well a^ the Planets ; 
but^ pray, in what Kind of Orbs do they move ? 

B. They mave„ indeed, in ftated Periodji of 
Time about tlie Sun, in Orbs vaftly eccentric 
and elliptical, but fome more, and fome lefs 
fo, as their Periods are longer or (horter j the 
Forms of three remarkable cometary Orbs ar« 
dcfcribed in the folar Syftem beforegoing *. 

A. In what Parts or Regions of the Hea-* 
vens do they move ? 

JB. Far above our Atmofphere, or Regbn erf* 
Air : Yet when they come neareft the Sun, they 
all defcend within the Orb of Saturn ^ and thofe 
which coroe neareft to the Sun, are nearer th^ . 

even Mercury i^felf : Thea from the Sun, they ' 

make amazing Ipng Excurfions tfiro' the vaftly j 

diftant Regions o# the Univerfe all Manner of J 

Ways, and acrofs the Orbs of the Planets. 

A. How far do you think fome of the moft 
erratic Comets m^y rove from the Sun ? 

• Se? the parabolic Orbs of 21 Comets delcribej'in Mr. 
Whlfion\ Solar Sjjjfim, Of tfac Sums epitftniized in Dr. D*/ag, 

Cour/tt, Vol. I. 

3 B. Dr. 
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I B. Tk. Halley has determined the longer Axis 

L of the Orb of that Cornet^ which, appeared in 

1680, and whofe Period is 575 Years, to be 
1382957 Parts, of which the niean Diftance of 
the Earth from the Sun is loooo; wherefore 
fuppofing this mean Diftance to be 8 i.oooooo 
EngUJh Miks, then the Length of that Come f 9 
Orb will be Ji 20195 1700, /. e. above clcven- 
thoufand and two-hundred Millions of EngUJh 

^ Miles s which may be eftecmed as fb far beyond 

the Sun, the Sun being, as it were, in the very 
Orb itfelf at the hithermoft End. 

A* The Comets approaching thus near the 

I Sun rauft furely be very hot; and receding 

again to fuch a prodigious Diftance, muft there 
be again very cold: Is itnotthus^ Sir? 

B. Yes, moft certainly : Sir l^ac Nekton has 
computed the Heat of the aforefaid Comef^ 
when neareft the Sun, to be 2000 Times hot- 
ter than red hot Iron : But Bodies thus heated 
prefervc their Heat a long Time ; 'tis compu-^ 
ted that a Ball of Iron as big as the Globe of 
our Earth, would, if red hot, rtquire 50000, 
or fifty-thpufand Years to grow cold in ; but 
the Bodies of Comets being vaftly greater thaa 
our Earth, can therefore never be. cdd, 9t their 
greateft Diftance from the Sun *. 

L 2 ^.And^ 

* Since the Diftance of the Comet Jnn. i $80, Diam. t, when 
h was in its Pehhe/hn, frpm the San, was to the Diftance of th^ 
Earth at that Time from the Santas about 6 to ioop» the Heat of 
the Sun at that time at the Comet was to the Heat of dor Summer 
Sun, as^ 1000000 to ^6, or 2^000 to i . Bat the HeM of boiling; 
Water is about 3 Times as greac as the Earth conceives from the 
Sttmmer's San ; and the Iieat of red hoc Iron is 3 of 4 Times u 

much 
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ji. And, pray, can the Places of the Comets 
be found in the Zodiac^ as thofe of the Planets f 
by Calculation ? 

B. Yes: That indefetigable Improver of all * 
. Arts, Dr. Edmund Halley^ has, by the Laboun 
of many Years^ compiled a Sett of Tables 
whereby the Places of above 20 Comets are to 
be determined for any given Time : A Work 
which will endure for ever j and for which all 
future Aftronomers muft acknowledge them- ^^ 

fblves indebted to this great Man *. 

jl. Pray what do you farther obferve con- 
cerning thofe Bodies ? 

B. We may obferve, that as they are difco- 
vered of late Years to be hard folid Bodies, 
cncompaflcd with an Atmofphere, and revolvQ 
about the Sun in ftated Periods of Time; 
therefore they are a Part of the Mofaic Crea-, 
tion, as well as other Planets, and are not to 
be reckoned Meteors, cafually kindled and 
fleeting in the Air, as the ancient Philofophers 
dreamed/ 

A. Well, to end the Difcourfe of Comets^ 
pray tell me in the laft Place to what Ufe or 
Purpofe they may ferve ?. 

B. &)me conjedure they are appointed to de- 
molilh planetary old Worlds, and to fupply Ma^ 

as that of boiling Water ; and therefore the Heat which diy 
Earth woald conceive from the folar Rays at the Comet in Pe- 
rihelio is near 2000- Times greater than red hot Iron. And 
therefoife with fo great a Heat Vapours, Exha/ations, and all 
HfoIatiU Matter maft needs be immediately confumed and diiii- 
pated. Neivton^^ Priruip, in Loco citato. 

♦ This Synopfit of Cometary ARronom^ by Dr. E, Halley is ex- ' 
cellentiy well explained by Mr. Wbtfton at the End of his G'eom. 
Lcdturci. " - • • ^ 

^ , terials 
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terials again for building them anewj others 
that they are fo many Hells to punifli the 
Daniined with perpetual Viciffitudes of into- 
lerable Heat and Cold 5 but all is uncertain *. 

C A A p. VI. 

« 

ASTROGRAPHY, OK /;&^ PHILOSOPHY of tbc 

fixed Stars. 

v^.T^O you not mean by Aftrograpby^ the 
JL/ Science or natural Knowledge of the 

fixed Stars ? . 

B. Yes : It being compofed of the Greek 
. Words, "a j-f ov a Sfar^ and Ppatp^, a Defcrip^ 

tion (as hatn been faid often iDefore^) whence 

it fignifies 2l philofi^phical Defcription of the fixed 

Stars* 

A Pleafe to tell me why they are called 
\ fixed Stars f 

, B. They are fo called in Oppofition to the 

Planets^ or moving Stars 5 becaufe thefe. always 

* The latter is Mr. WhiftofCs Opinion* a9 may be feen in his 
jijironom, Princip, of Religion^ 

Sec much more of Comets in Newton\ Prin, Mattb, Philof 

Lib. III. Prop. 40, 41, 42 • Dr. Greg, jiftronotiy^ Lib. V. Dr. 

Keiir$ Jfiron. Lea. 17. Dr. Hallef% Synop. of ihe Jftrou. of 

Comets. Mr. Whifton*i Afiron, Principles of Religion. Mr. Der^^ 

ham\ Afiro. theology. Kohault\ Phfics^ Part IL Chap. 26. with 

Dr. Clarkiz Notes thereon. Joan. Clerici Phyfica^ Lib. I. Cap. 1 1 • 

* ta Bibliotbeque des Philqfophes^ Tome Prcm. Page 362. VHiftoire 

VaturelU de U Univerfe, Vol. I. Part L Chap. 2. Infitutio Phi^ 

lof Tom. III. S- 2. Cap. 2. Dr. Chenefs Philof. Princip, Part. I; 

Chap. 5. % 18. Regnault'% PhiloJ. Conwerfat. Vol. III. Converfi 

io. Page 283. with Mr. Dale% Notes thereon. The Authors 

cited in JobnfoiC^ Philof Sluefiionsy Page 129, 130^ 131. Dr. 

# Harris^ % Lexicon and Chamb. DiSHon. under the Word-C^jwf/, 

- HXf^Defr^uHers'i Co^fi, Vol; I. Page 409, ^10, /^\ i, 

L 3 keep 
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keep the fame Place in the Heaven, and do not 
fccm to move for many Ages together. 

ji. But by this, I think you imply they^ have 
fome Motk)n. 

jB. The Motion of the fixed Stars is very 
fmall, not exceeding 50'^^ of a Degree in a Year, 
or one Degree in 70 Years 5 and therefore to 
compleat one Revolution of a Circle is required 
2592b Years, after which Time the Stars all 
return again to their former Places : This Peri- 
od of Time they called the Great or Platonic 
TeoTy in ancient Times j and imagined when it 
was fini(hed, all Things would begin again anew, 
and return in the fame Order they do now. 

ji. I undcrftand by what you faid of the di- 
urnal Rotation of the Earth, that the Motion 
of the Stars from Eaji to JFeJi each Night, 
is only an apparent one ^ but the Motion you 
fpeak of now, I prefume, is a real and proper 
Motion of the Stars s is it not ? ^ 

B. No, 5/>, even this is not real^ but apparent i 
being occafioncd by a certain contrary equal 
Motion of the Earth, arifing from ih^fpberoidi^ 
m/ Figure thereof, which Figure alfo arifeth 
from the Rotation of the Earth about its Axis*, 

jd. Thus much of the Motion of the fixed 
Stars 5 pray what do you think of their Num- 
ber, is it not infinite ? 

* This ie confirmed by Ejcperimcnt ; for if a large annillary 
Sphe^ be made to turn very fwiftly about an Axis, the faid 
Sphere will ytrf vifibly fwell ouf and^ become more extended 
in and about the Equatorial Farts, and at the fame Time b^ 
contracted and fink from tlie Poles ; which will occafion the 
Sphere to put on an ohlatt or fpheroUical Form, fuch as . is here 
afcribed to the Earth on Account of its vapid dtornal Mpyonw 
Sec JDr. K£UI*% AJiron. \MX. 8. Page 77, 78, 79. 
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J5. If they are not infinite, they are certain-* 
ly innumerable ; for with a good Telefcope they 
appear Millions beyond Millions, till by their 
immenfe Diftance they evjid^ the Sight as af* 
fiftcd With the beft Inftrumcnts; but then do 
not miftake,'thofc which are vifible to your 
naked Eye, are (in the moft ferene Night) but 
a few, not above 3 or 4 Hundred. 

^. No ! That is a ftrange DoSrine ! Do not 

a every Man's Eyes declare them inrtumerable? 

And doth not the Scripture alfo affirm the fame? 

B. I know People are not eafily perfuaded 
to believe this new Notion of the Number of 
the Stars which are vifible, but it is founded 
on Demonftration 5 the Eye is deceived by the 
vehementTwinkling, and tonfufed Appearance 
of the Stars : And as to the Scripture, it fpeak-*. 
,cth of the S/^rjhyperbolically,or elfe it meancth 
the invifible Stars ^ a« well as thofe that ate vifi- 
ble 5 and then, indeed, they are numbcrlcfs, a$ 
I laid before, 

A. Pray how do you know the Number of 
the vifible Stars is fo fmall ? 

B. By aftronomical Obfervttions for m^ny 
^ hundn^d Years paft, and the Catalogues whiefi ' 

have been feveral Times taken pf them. 

A. Catalogues 1 what, 1 pray you, of the Stars i 

B. Yes, the fixed Stars have been long firtc6 
regiflered in the Fjicords of Aftronomy : Wp^ 
parchuSy the Rbodian^ about 120 Years before 
Chrift, was the firft who made a Catalogue 

' of the Stars j his contained 1022 : After him, 
Ptolemy ^tilzx^^ thx% Catalogue to 1026: U"- 
Jug Beigbi^ the Grandfather pf Tamerlain the 

L 4 Great ^ 
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Great y made a Catalogue of i o 1 7 Stan : 7y- 
cbo determined the Places of yyy fixed Stars^ 
and reduced them to a Catalogue : : Kepler's 
Catalogue contained 11 63:, The Prince of 
Hefs*s Catalogue was of 400 Stars : The Je^ 
Juit Ricciolus enlarged Kepkr*^ Catalogue to 
1468 : 'Tis faid alfo that one Bayerus had de- 
fcribed the Places of 1725 : After this^ Heve-^ 
lius of Dantzick compofed a new Catalogue 
of 1888: But the largeft and hioft compleat 
Catalogue ever yet publiflied of the fixed StarSy 
is that of Mr. Flamjieed^ in his CelefiiaJ Hifio-- 
ryj which contains near three-thoufand Stars ; 
all whofe Places and Situations are far better, 
and more exadlly determined in the Heavens, 
'than the Pofition of many Cities on Earth 
through which Travellers daily pafs *• 

ji. Well, confideririg the many hundred of 
Years Obfervation on the Stars^ and the various 
Catalogues made thereof which you have now 
related; and confidering the moft compleat 
pontains not above 3000 Stars^ tho' aflifted by 
the longeft and befl Glafies, I am ctbliged tQ 
acknowledge my erroneous Notion pf the great 
J^umberpf the yifible ones 5 and ihall next, if 

* What I have here aflertcd concerning the fmall Number 
of the *vifihU Stars, and the Catalogues of them, is upon the Au- 
thority of no lefs Man than that excellent Aftronomer Dr. KeilL 
iSce his JJfronom. LeQ. VI. Page 51, 52, 53, 54. Where he 
has thefe Words— Of the 3000 Stars in Mr. Tlamfieed'% Cata* 
logue it is feldom that a 'viry good Eye can reckon more than 
§fie^hufu^e/i together. And, if I piiila^e not greatly ^ the famous 
Tlamfiiid himfelf does, in his Hiftotia Calejlis^ pofitively aifert^ 
that the naked Eye can't difcover above 384 Stars in the fereneft 1 

Night, in both the Hemifpheres. And the Reader, if he thinks i*| 

£t to take on him the Trouble of punting the viiible Stars, will 
^need no other Reafon to convince him of his Miftake in (hit 
Matter. 
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you pleafe, afk your Opinion concemiog their 
Diftance from us ? 

B. Their Diftance ! Alas, you can hardly 
enquire about a Thing more unknown, or more 
incredible than what is but imperfcdly known 
thereof j however to fatisfy you, take the ic^ 
lowing Account : The famous Hugens found 
the bri^hteft, and largeft, and, of Courfe, the 
neareft of all the fix'd Stars^ viz. Syrius^ to be 
in Appearance 27664 Times lefs than the Sun j 
and fince their Diftances are greater, as their 
Magnitudes are leiTer, therefore this Star muft 
be at that Rate 2200000000000, /. e* above 
2 Millions of Millions of MngUJk Miles ; which 
;s fo very great, that a Cannon-Bail woulij fpond 
almoft 700000, /• €. feven«-hundred»thouiand 
Years in paffing through it ; and it is very pro* 
bable that all fixed Stars are equally dillant 
from each other in Proportion to the Diftanc9 
\ of the neareft of them from our Sun.*' > 

A. What are the Grounds of this your 0-» 
pinion ? 

B. By the Smallnefs of their Appearance 
thro' the beft Glafles, and the xlifierent Ekgrees 
thereof, I am induced to believe that they are 
not only as far diftant from each other as from 
our Sun ; but alfo that each fixed Star is a Sun, 
furrounded by a Syftem of Planets and Comets^ 
and thofe again furnifhed with different Num« 
bers of Moons, all in the fame Analogy, Order, 
jand Proportions of Number, Si2e, and Glory, 
as we behold in thofe of our own folar Syftem. 

A.O\ amazing and ft upendous Scene ! Suns 
without Number j and Worlds turning up upon 

Worlds! 
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Worlds ! Syilems of moving Orbs immcnfly 
great, yet invifible to our Eyes 5 and all inhabit- 
ed, difpcrfed thro* all the diftant Realms of 
univerfal Space ! I am almoft loft, yea, quite 
confufed in my Conceptions 5 but, pray, on 
vtbat does fuch a glorious Hypotbefis depend ? / 

B. On Ratiocination, and dirers auronomi-* 
cal Obfervations : We reafon thus ; our Sun 
fhineth by its own native Light, fo do the 
l^tars ; ergo^ they are Suns : The Sun at the 
Diftance of a fixed Star would appear no lar-* 
gcr than a Star ; trgo^ a fixed Star may be as 
large as the Sun. None of our Planets at that 
Diftance could be faen at all ; ergo, each Star 
may have a Syftcm of Planets, tho* unfecn. 
God hath made nothing in vain {Axiom I.) 
but nothing is more vain than to pretend My- 
riads of unfeen iS/^ri were made to twinkle un-» 
heeded in the unfeen, unknown Regions of the 
Univerfe ; ergo^ they fcvcrally ferve the noble ^ 
Purpofes of Light and Heat for the Planets of 
their Syftems. As to Obfervation, 'tis well 
known how Stars appear and difappear after 
certain Intervals ; what can this be but the AU 
mighty's Hand extinguifhing old, and kindling 
new Suns ? DemoHfliing old, and ereding new 
Syftems of Worlds ? Ai^ fiich undoubtedly wai 
the Cafe of our World, and planetary Syftem, in 
the Mofaic Creatk>n. Our Sun juft made^ 
would have been a new fixed Star juft appear-^ 
ing to an Eye in any of the neareft Stars ; fome 
of our Comets alfo may there appear new Stars^ 
when in their Apbeliay but in their Return to 
their Perihelia^ difappear again : Thus alfo fomc 

of 
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of our new Stars may be, and doublefs are» Cb« 
jne^ (belonging to fome Sun) in their utmoil £x-^ 
curfions^ which upon their Return, di&ppear 
again: Theie new and extinguiihed ^/^^j, ara 
generally in the Galazy^ov Milky- way j but why 
there more than elfewhere, unlefs, becaufe thote 
Parts being replenlihed with a far greater Num- 
ber of Suns, give, of Courfe, more frequent Oc* 
cafions of thefe Fhoenomena f Alfo 'tis wcU 
known that the Mt/ky-way hath its Complexi- 
on from the united Luftre of an infinite Num-^ 
ber of fixed Stars ^ or Suns^ in thofe Parts of th<? 
Expanfe, which go by that Name : From all 
this it appears, that the Hypothefis of a Plura- 
lity of Worlds is rational, worthy a Philofor 
pher, and gready difplays the Wifdom and re- 
dounds to the Glory of the great Creator and 
Governor ** 

A. I 

* A new Star Is faid to have been obferved by Hiffarcbus^ 
but its Place in the Heavens was not left upon Record. 

3, On Novemiir the 8th, 1572, a new ^tar was obierved ta 
appear in the Chair of Caffiopeia by Cornelius Gtmma ; it waa 
feen by ^ycbo Brake the i ith of the &me Months and in M4uxh 
1 7 54 it became extind. 

3. In Ann, 2 640, Sept. 309 the Scholars of Ke^er faw a new 
Scar near the right Leg of SerfenUinusy which gradually difap<- 
pearedi and was wholly inviiibie ^^z*. 164^. mu^ Thefe twer 
appeared with the Luftre of taenia at Jufiter^ and not as the kHr 
lowing; and are therefore thought to be of a different Species, 

^., in the Year 15969 Aug, 3. Dmvid Fabnchs '^t& the firft 
Account of the BtellM Matia, or wonderful Sur, in the Neck af 
the Whale ; which has been iince found to appear and diftppear 
periodically, its Period being 7 Revolutions in 6 Years, and it 
never entirely extinguiihed. 

5. In the Year #6oe William Janfimsus difcovered another 
new Star in the Neck of the Swan. This ia time faecaae Ip 
fsialU as to be thought to difappear entirely* till the Years >657» 
<8, and 59, when it recovered its former Magnitude i but it 
U)on after dec;^ycd| and is now one of the leaft Size. 

6. In 
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j1. I now fee no Reafon to hefitate about the 
Truth of this new and noble. Dodrine ; which 
fo enlargeth our View of the wonderful Works 
of infinite Wifdom, by putting the Univisrfe 

, 6^ In the Year 1670, JmIj 15, O.S. He<uehus difcovered a 
new Star, which in OQohir was fo decayed as to be fcarce per- 
ceptible. In Afril following it regained its Lullre, but wholly 
disappeared about the Middle of Augufi, In March 1 67^9 it was 
feen again, bat very fmall ; fince when it has been no farther vi» 
fible. 

' 7. The fixth and laft new Star was difcovered by Mr. G. 
Krchva the Year i686» which returns periodically aftef tl^e 
$pace of 404t Days. And thefe are all the remarkable mnn 
Stars Uxt 1 60 Years paft. 

$. There are in the Heavens fevcral Lucid Spats, called Nt' 
^uUe from their ffi^ Afptarance ; they appear to the naked Eye as 
^ dim fixed Star ; but thro* a TelefcOpe they appear a broad ilia- 
minated Space o^JEtber ; in feme of whieh there is a fmall Star, 
in others more. Of thefe NebuU there are fix difcovered, v/js. 

9. The firft and moft coniiderable in OriM*s Sword at pre* 
fent is in n 19^00'. South Lat. 28^45'. Abont the Year 
1 66 1 , another was difcovered in Andtomtddt Gi^rdle. Its Long. 
is V 24^ ooV and Lat. N. 33® 20'. 

10. The 3d was difcovered in the Year 1665, and is in Long, 
^04** 3o\ and Lat. S. 00° 30'. 

11. The 4th was difcovered by Dr. Hallt^ i677> in the 
Southern HemifpherCy and never rifes in England. 

1 2. The 5th was difcovered by Mr. Kirch in 168 1, its Long. 
}s Itf 9° 00' Lat. 17*^ 10' Norths 

13. The 6th and laft was difcovered by Dr. Halliy in 1714 1 
its Place is near V(i 26^ 30' with 57^ 00' N^ Latitud. See the 
fiiLTran/. N® 346, 547, and {everal Numbers. 

14. The Conftellation called the Pleiades^ or feven Stars, con- 
*tains nolefs than 70 or ^o Stars vlfibie in the Telefcope ; and 

, when I have placed a large Telefcope againft one of the Nebu- 
Jous Stars, the Qlafs was fo full of very fmall Stars, that they 
couldnot be numbered. From all this 1 think 'tis pcrfeAly cer- 
tain, that the whole Univerfe is replete with nnmberlefs Worlds, 
"|ind Realms of Light of eternal Day, which are intercepted from 
our Sight by the duflcy Regions of. our f lanetary Syftem. 

1 5. See more on this Subjeft in Bi(hop Wilkins\ World in thi 
'Moon, Fontenelles Plurality of Worlds, Even. 5. Hugem^s Pla» 
Metary Sy/iem, Mr. Derbam's Afiro-Tbeologyy Introduction, and 
various other Writers of Aftronomy, 

I ' into 
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into Signiiication and Harmony, and peopling 
the 'lame throughout with rational Beiqgsi 
iiow will Pofterity blefs the divine Difcoverics 
and Labours of thefe Ages^ wherein the dark 
and Jsarren Wildg and Deferts of indefinite 
Spare, have been enUghtened by fuch MJUionj 
of Suns ; ftored and plantM with fuch Myriads 
of Planets ; and cultivated by fuch endleis 
Numbers of Inhabitants of every. Kind? 
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AERO L O G Y: 

CONTAINING, 

L The Philofophy of the Atmofphere^ or Air. 
IL The PJiilofophy of the Winds. 

III. The Philofophy of the Meteors. 

IV. The Philofophy oicelejiial Appearances.. 

Explaining ^at isUtherto known of their Nature^ Caufis^ fn* 

pnrticsy and EffeMf. 

\ 

C H A P. L 

Of Aerology in general^ or the Philosophy 
of Air, Jbewing its wonderful Nature, 
Properties and Effects, 

A. TT^RAY, Sir, what is the original Sig- 
mr^ nification of Aerology ? 
-*- B. It is a Word compounded of 

A^p, Air, and Aoyog, a Difcourfe 5 and therefore 
imports a philofophical Difcourfe of the Air\, 
\ A. What are We to underfland by Air ? 
' B. That! invifible fluid Subftance which en- 
compaffeth the Earth on every Side, which con- 

tains 
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tains the Vapours, Clouds, and other Meteors^ 

and which all living Creatures breathe $ the 
j whole Body of which is called the Atmofphere. 
I A. Pleafe, 5/r, to let me know why *tis 

I called the Atmofpbete ? 

B. From the two Greek Words, 'A7jtto^, a 
."^ Vapour^ and 2(pai'J)a, a Sphere ^ io that Atmof^ 

fhere^ in native Englijhy is a round Body of 
I Fapours ; aud fuch is the Air furrounding the 
<^V Earth, as being conftantly replete with Vapours 

. exhaled by the Sun's Rays. 
; A. What are the principal Properties of the 

I Air ? 

B. Thefe which follow : r. The A^r i^Jluid^ 
^ yet cannot be congealed like Water. 2. It is 

Pellucid or ^ran/parent to that Degree as to be 
j invifiBle. 3. It may be rarijled znd condenfed. 

\ 4* It is endued with an eia/iic Tower or Force.' 
W 5. It hath Weight or Gravity. 6. It hath proper 
I Bounds or Limits, and is riot infinite. 7. It is 

neccflary to Life, Flame, Sound, Light, 6cc. 

A. How do you know the Air is a F/«/^ ? 

B. It hath all the Properties of a Fluid ; k 
corporeal, heavy, its Parts yield to any Forc« 
hnpreiled, and are eafily moved one amongft 
anpther ; it preileth in Proportion to its Height, 
and the Preffure is every Way equal : 'tis evident, 
therefore, that it ought to be reckoned a Fluid. 

f A. What is the Rcafon the Air is fo tranf- 

parent, as to be invifible ? 

j5. Becaufeof the great Porofity thereof j the 
Pores tod Interftices of Air being fo very great 
and large, it admits the Light not only in right 
ttinesi but ia fuch great isuid plentiful Kays, that 

the 
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the Brightnefs and univerfal Luftrc thereof^ 
not only renders the Jlir Diaphanous, but en-* 
tirely hinders the Opacity of the very fmall 
Particles of Jiir from being at all feen • and 
therefore the whole Body of Air ihuft confe- 
quently. be invifible. 

A. You obferved next, the Air hath the 
Property of being rarified and condenfed 5 pray 
how is this demonflrated ? 

jB. Th^t Air may be rarified is proved feve- 
ral Ways; as thus, if you take a Bladder, en- 
tirely empty as you think, and tie its Neck with 
a Thread, and lay it before the Fire, the Heat 
will fo rarify the little inclofed Air^ as to 
make it extend the Bladder to its utmoft Stretch, 
and, if continued, will break thro* it with the 
Report of a Gun : . Alfo, that Air ^ may be fo 
condenfed by Art as to take up but ^^ Part of 
the Space it poffeffed before, is proved by va- ^, 
rious JExperiments * ? 

♦ since the Air h comprcfled by the'Wcight of the incunii 
bent Atmofpherc, and the Denfity of Air is proportionable ,to 
tbc Farce compreffing it, it follows by Computation, that at the 
Height of about 7 Miles from the Earth, the Air U 4 Time* 
larer than at the Surface 5 and at the Height of 14 Miles it is 
1 6Times rarer than at the Surface ; and at the Height of 2 1 , 28, 
or 35 Miles, it is refpeaivcly 64, 256, or io24Tim^s rarer; 
and at the Height of 70, 146, and 210 Mil^s, it is about 
1000000, loooooooooooo, or loooooooocooooooooo ;v and 
fo on in a geometrical Proportion of Rarity > compared with 
the arxthmeucal Proportion of its Height. Newton. Optics, 
Fage342; 

Mod Authors hold Air to l>e compreffiblc "in Infinitum. Heai 
rarifies, and Cold condenfes the Air the moft of any Agents 
whatfoever. * . . 

It has been found that Air by the bare Force of its Spring 

will dilate itfelf into 1 3000 Times the Space it poffcffes under 

* the Prcflure of the Atmofphere, and fince it may be comprcfled 

into 60 Times a Icfs Spaqe than that ; it is plain it may polTcfe 

a Spacff- 7 80000 greater at one Time than another > for 1 3000+ 
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A. Pray how do you prove' the Air'^ Ela- 
fticity? . / 

B. By various Experiments of the Air-Pump, 
and otherwife : One very plain, is thus ; an 
empty Bladder, whofe Neck is fafl tied, being 
put into the Receiver, and the external Air 
therein exhaufted, the fmall Matter of the in- 
clofed Air will, by its own proper Spring or 
elajiic Force, gradually expand itfelf, and at laft 
will fo extend the Bladder as to break it : Thtfs 
alfo, the Air comprefled in the JVind Gun will 
by its elaftic Force (being difcharged) drive a 
Bullet thro' a Board at the Diftance of feve- 
ral Yards, in the fame Manner as with Gun-- 
powder : Yea, Mr. Boyle hath found tfiat Air 
by its Spring, or Elafficity, will fo far dilate 
or expand itfelf as to take up 13769 Times a 
greater Space than before : nis Power oj Elqf^ 
ticity is as the Den/ity of the Air -j*. 

A. Pray 

-|-^ The artificial Fountain or Jet D^eau^ is not only a fnfficient 
proof, but a y^ty pretty Effe^ of the Air's elaftic Force, fee Fig» 
LIV. on Plate XII. fronting /. 153. Where the Veffel ABDlg 
has a Tube or Pipe DB fixed therein, and communicates with 
the internal Part or Body AB ; the Part B ;s filled with Water^ 
and the other Part A with Air by means of an injedling Syringe 
fcrewed on at C, The Air thus^ crowded in and condeufed in 
the Part A^ prefTes very hard on the Water B, and forces it up 
the Tube to D, where the Cock being turned, it fpouts up- 
right with great Celerity, in a fmall Stream, to the Height H, 
where being broke and divided by the Refiftance of the Air, it 
falls down in a Mift, or Drops like Raih. Of thefe Fountains 
divers Sorts may be found defcribed in Authors, particularly ia 
Mr. Step. Sivitzer^s Introd. to Hydroftatics and Hydraulics. 

2, To this Property of Air is owing the Vacuum made in a 7?^- 
cei<ver placed on an Air Pump, For when the Air contained in the 
Barrels a, a, is drawn out by the Emboli r, c, thfe Air remaining 
in the Receiver o, 0, dilating and expanding itfelf by this Power, 
rufhes thro' the Pipe ^9 ^> to fill the Vacuity of the Barrels^ whieh 

M is 
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A. Pray how do you become acquainted 



with the j£r'% Gravity ? 



5. By 



XB again drawn ont, and the Air in the Seceirer again dilates to 

repfenifh the Barrels ; and by fiich a Procefs the Air is rarififed to 

inch a Degree, as tocaufe moft of the Appearances and EfiblU 

of an abiolute Vacuum\ and this is indicated b)r the l^iwiy 

fifing in the Tube / by the PrelTure of external Air. 

' 3. I fikall.here take Notice of that Par*vum JVar»r« Minaltm* 

lum (as R^ault calls it) or little Miracle of Nature ; I mean ch« 1 

Lacbryma of Pruffta or HolUmi^ fodietimes called Frinct Ruptrt'*^ 

t>r9f, and in common* the Glafs Tear. See its Form in Fig. 

LV. on P/ate XII. fronting p. 15^. The Mimner of making 

it is thus : With a Tube they take up a little Of the melted Mat-* 

ter of Glafs, and let it drop thence red hot into a Pail of Water, 

hy which Means it receives its Form^ and is folid throtrghottt, 

f xccpt that now and then a few Air Bubbles may appear therein* 

4. This is the N${iiis Pbilofophorum, or that which gives Phi' 
lofophers the greateft Difficulty and Anxiety to account for iti 
peculiar Property, which is» that the bi{(geft Part or Htnd of 
the Tear A will fuftain the Stroke of an HMimer without break- 
I&g, but if the little find or Tail B be broke, the whale Tear 
will fly into Doft at once, with the greateft Violence, andcaulc 
confiderable.Pain , to (he Fingers which break it. ^ 

5. Some particular CircumilanCes render the Drop ancapabte • 
^f this furprifing Property. As, (i.) lH\it Ttzt \)t cooled in the 
Air, it will not break. (2.) Thofe which are neakd viiWnot break* 
\%^) tf they are ground away on aGrind-ftone, nothing extraor- 
dinary happens. On the contrary, if it be pot into an AirPompt 
And there broke, the E(Fe£l will be fo great as to oroduce Light* 

6. Some fuppofe this Effed of the Tear is produced by a pft 
Airy which being pent np in the Body of the Tear, and foddenly 
][Miffiog into the open Pores of the broken Tail, run^ rapidlv in* 
to a thoufand fmall Cells, which ^row narrower from tht Mid- 
dle towards the Extremities, which the Irruption of the Aif 
drives afonder violently by the Efficacy of its Spring and accele- 
rated Motion. See RegnauU"$ Phil. Converf. Vol. 1 . Conv. t^ j 

7. Dr. Clarke's Opinion is, that Glafs being a fpringv Stfb- 
Haoce, it is probable the Glafs Drop is broke much alter t'hd 
fame Manner as a Steel-bow fometimes barfls in Pieces, nvlieil 
it is loofened on a fndden, 'viz. by the too great Celerity and 
Porce of that Motion, which arifes from the mutual Attrafton 
of its Parts, For its Parts from the Center to the Clfcttfttfe. 
rence feem to be like fo many Bows bent. And thence pefhapa 
it is« that after it is burft to Pxeces> its FiiTttrcs are difpofcd like 
^ ib 



^i mi:S^ i9f the J§iffiGfpbirt. if^ 

B. By E*|Jfef irfierits of the Air-pump, Baro- 
fhfeter, &c. The Weight t^f the Air is grcdter^ 
the iiearfer it is td the Earth's Sdrftcc : Thd 
Mercury^ by the Preflure of the Alr^ is raifed 
^h th6 Barometci- to the Height 6f 28, 29, 30^ 
or 31 Inches: therefore fuch a Cbiutiin bf 
Mercury is equal in Weight to a Column ol 
jAV (of an equal Bafis) which proceeds fronl 
the Mercury in the Tube to the uppermoft 
f*art of the AlAiofpbere: Alfo becaufe A&r- 
cury is about 1 4 Times heavier than Watery 

fo many itadii drawn from the Axis lo the Superficies, 4s Mr. 
^<7^i obferved in a Glafs Drop covered over with Glue, jf^otei 
on Rohaulfl Phyf. Part t. Cap. 22. ad Art. 52. See Hooyk 
Microg. Obfcrv. 7. and abundance in S/urmius's Collegium Cu' 
riofitm. 

8. The Phancmenon of thte little Glafs Mttty &c. ^fciendihg.ah<l 
flefcending in a little Glafs Tube of Water, (as Afi f/^. LVJ. 
oh Plate XIV. fronting f. 179.) at the Word of Commahtf, 
which looks like a Piece of Conjuratwn to the vulvar, is entirely 
owing to the Elafticity or Spring of the Air. 

9. For thcfe Men being blowed hollow, are thereby rendered 
jpeclfically lighter than Water, and will fwim in it : and hailing 
^ fihall Hole in one Foot, and a Bladder being tied over the Top 
of theTube^ as C, if this be prefTed with the Fingers, the includea 
Air hy its Spring will equally prefs the Water, WhicH will en- 

}er and comprefs the Air in the Men, and thereby renddr iheoi 
leavler in any Degree. If they are by this Means brought to be 
of equal Gravity with the Water, they will abide in any Situa- 
fioh therein ; if they are rendered heavier by preffing the Blad.- 
der hafder, they will defcend j then the Fingers being taken pffl 
or thfe Prefibre diminilhed, the Spring of the included cbmprefied 
Air forces the Water out of the Men, and thus becoming lighter 
tEey afcend to the Top ; all which Motions are to be varied id 
any Dfegree of ^ichefi or Slo<wne/s the Petforihef ihall pleafe, 
which renders it the more f;irprifing. 

it). The Spring of the Air is of a peculiar Naturd, for theTifni 
of its Exertion will not alter it, as it does that of Wood or Steel i 
For Mr. de'koher^al^ of the Acad. Royal of Sciences, -naving 
let his Air^Gun remain charged with condenfed Air 16 Years, 
found on difcharging the Gun that the Air*s claftic f orCe wai 
not at ^11 abate(j, bat produced the fame £f!ed as at fitil. tiift, 
difAcai. 1695. Paj^ 368. 

M i2 tHefefort 
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therefore Water will rife in a Tube to 3 2 or 
3 3 Feet in Height j and therefore every Square 
Foot in any Superficies fuftains the Weight.of 
a Column of Water of 32 or 33 folid Feet: 
now a Cubic Foot of Water weighs about 63 
Pounds, hence the Weight of Air on every 
fuperficial Square Foot, is above 2000 Pound 
Weight J. A. Ani 

• 

X By the Gravity of the Air we receive fome of the greateft 
Advantages of Life ; particularly from thence is deduced die 
Invention and Conftrg^ion of the moft ufeful Inftruments, £a* 
gines, and Machines, ufed in all kind of Fire and Water Works, 

2. From thence arifes the Ufe and Power of that mod necef« 
fary Engine the Andiay or Pump, which is faid to be the In* 
vention of Ctefebis, a Mathematician of Alexandria^ about 1 20 

• Years before thrift . Of thefe there are many Sorts; the com- 
mon and mod ufeful one conlift of a Pipe AB (fee Fig, LVII. 
on Plate XIV. fronting p* 179.) open at both Ends, of which 
thelEnd B is fet in Water, toward the lower Part at C is placed 
a Clack or Valve, opening upwards ; in the Part of the Tube 
above works a Piflon ED juft as big as the Bore of the Tube or 
Hpipe, in which alfo is a Valve opening upwards ; this I^art D is 
called the Bucket. 

3. Now the Reafon of the Pump's Performance is plain ; for 
when the Piilon is forced down fo as that the Bucket D may 
touch the Frame of the Valve at C, and Water be poured in to 
£11 the upper Part from A to C ; then if the Pifton be raifed 
from C to D, it will lift up a Column of Water equal to the 
Part of the Pipe between C and D^ which therefore mult run out 
at the Spout of the Cillern at A. 

4. Alfo at the fame Time there is a Vacuum made between Q 
and D, which is immediately filled by the Water rufhing thro* 
the Hole at C, by the force of the Preflure of the Atmofphere 
on the Superficies thereof without the Pipe. The Pifton being 
again thrufl down, the Water between C and D goes t&ro* the 
Hole of its Bucket, and doling the Valve with its Weight, \i 
raifed into the Ciflern where the Pifton is drawn opwards^ and 
there runs out as before, and thus the Adlion of the Pamp jQia/ 
be continued in raifing Water as long as you pleafe. 

5. On the Granjity and Elafticity of the Air together, depends 
the Theory of the Fire Engine in common Ufe. But this lias 
been improved to produce a continual Stream in the Manner 
as reprefented in Fig, LVIII. on Plate XIV. fronting /• 1 79. 
lyhich I ihall here defcribe. AB is the Frafne or Body of the En* 
gine^ C C is a iirong metal Vei&U which is clofe on the Top» 
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A. And, pray, what do you infer from 
thence ? 

B. Why thence it appears, that if we allow 
the whole Surface of a Man's Body (of 6 Feet 
Stature to be about 14 fquare Feet, then the 

Weight 

bat commanicates with two forcing Pumps, or Barrels D and E» 
at the lowe,r Part ; whofe Piftons are worked with a conimoi> 
double Lever FG moving to the Center H ; the Engine is filled 
with Water ftrained thro' the Grate NN, which by the Prefiure 
j^ of the Atmofphere is forced into the Barrel D and E, when the 

Piflons are raifed up, and a Vaccum thereby made in them ia 
working the Engine. 

6. In the prefent Figure, the Sucker in the Barrel D is drawn 
up, and the Water roihing in thro' the Valve at K, while in the 
6ther Barrel £, the Piflon is forced down, and the Water forced 
thro^ a fmallPaifage againft a Valve L, which opens and gives 
it Admittance into the large Veifel CC. 

7. The Water being thus forced into the faid Veffel contina* 
aJly by the alternate Adtion of the PiUons, does violently com- 
torefs the Air in the upper Part of the Veffel at O, which by 
Its Spring re-afls on the Surface of the contained Water, and 
forces it to afcend the Orifice of a fmall Tube P fixed to the 
Side of the Veffel ; the upper End of this Tube communicates 

K with a long leathern Pipe Q^affixed thereto at O, thro' the Top, 

of which at R the Water fpouts with great Force in a continual 
Stream^ which is directed by a Perfon at S, to the Fire, or any 
other Place as Occafion requires. All which is plain in the Fi- 
|Qr« which I hav« taken from Mr. Claret Plate III. in his 
Motion of Fluids ; tho' I have feen a much better Conftrudlion 
of this Engine by an Artificer in this City ; and wifh I had a 
Draught of that to prefent inflead of this. 

8. On this Principle it is, that the Mercury or Qaicklilver rifes 
to the Height of near 31 Inches in the Barometer ; for the Pref- 
furc of the Atmofphere forces fo much Quickfilver into the Fa- 
€uum of the Tube as will counter-balance its Power, as is evident 
from the Conllruftion of this Inftrument in Note % in Page 23. 

* 9. The Syphon or Crane has from hence alfo its Ufe ; fee Fig. 

XIX. on Plate XIV. fronting p. 1 79. For the End A being 
immerfed in a Veffel of Water, if the Air be exhaulled from 
the Syphon at the Pipe D, the Watdr in the Veffel by the Pref- 
furc of the Air on its Surface, will inflantly rife and fill the Ca- 
vity of the Syphon : Now if the other End of the Syfhon were 
at C in an horizontal Level with the End A, then the Preffurc 
of the Air on each End would be equal, and cOnfeqnently the 
Water would be fuftained in the Tube without runnning out atC, 

M 3 10* But 
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Weight of Air prcfling on the Body of fuch a 
Man iseqti'al to 28000 Pounds, or 250 hun- 
dred Weigl^t y that is 12 Ton and a half: Alfo, 
lince the Nprnhpr of fquj^rc MUes on the Earth's 
Superficies is compute^ 1 99250205, and in.onq 
fquare ^iles are 27878400 fquare Feet, the 
iquare Feet on the Earth's Superficies will 
te fomewhat above 5547800000000000 ; 
whence the Weight of the whole Atmojphere^ 

10. But fmce the Part BE is longer than the Part BA by t^ . 

Length CE, aqd the Cylinder of Water CE being far more heavy * 

than the fame Cylinder of Air, 'tis plain the Preflurc of the Air, 
or its £fix£l at the Point C, is thereby very much weaken^ ana 
abated, and therefore the Equilibrium in the Point B being th^i 
j^edroyed, the Water will run over and flow towards £. 

1 1'. By the Prejfurc of the Air it is that Water iaReferyoir^ 
is forced to enter the Conduit Pipes ^ and is thereby carried to 
any Cpuduit, Houfe, or other Place, below the horizontal Level 
of the Surface of the Water in the Referwoir or Fountain, be 
|he ]f)iflancc \vhat it will. 

1 2. The Fire rarifying and attenuating the Air in the Chim. 
les c^ufes it to afcend the Funnel, while the Air in the Roon)« 

by the Trfjfure of the Atmoj^berey is forced to fupply the Va« 
cancy, ruihes into the Chimney in a conftant Torrent, excite^ ^ 

thef^ire to burn with great Vehemence in S»toveSy and buoys iy|> 
$hc Smoke aloft in ^he Tuperior Air. 

13. Nor does that common Utenfili the Bellofivs^ aft on any 
C)ther Principle than the Prejfure of the Air ; for the upper Part 
|)eing lifted up, raifes the Column of Air off* the Bottom' Part» 
an^thqs making ViVncuutn \vithin, the Air ruihes in thro* th^ 
Hole in the lower Part, and being compreffed by forcing do\yii 
|he uj)per, it Oiuts clofe the Valve within, is protruded witli 

freat Force and Violence through the Pipe or Nofe ^ the 
ellows. See a Calculation of this Kind in Mr. /f«//^ &^//V«it 
fJI'ays, Vol It. Page 320, 330. 

' ^ 4. TheJaft Effeft of the Aif^ Gravity I fhall here mention, i^ 
the modimportant of all, a^ being the immediate Inftrunientof 
Life, I raean the A£ls d Infpir^tion and Expiration m Animals f 
/or in the Dilatation of the ^horax^ the Air by the Pre£ur$ qf 
the Ajfno/phere is forced ' intp the Cavity of the Lungs, whicl\ 
we are then faid to breathe in, or infpire; but when the^^u/cle^ 
contract, the Air is expelled, and we are then faid to br^tiei^ 
^a/,' or expire it. And this alternate A^ion of the Lungsiis main- 
taiaed by the 4i/:\ Prefjure^ an^ \% abfolutely neceffary ta Life^ 
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txx its Plreffure on the Superfiqies of the whple 
Earth, is more than 1109560000000000QC00 
Pounds, or . much about 5000000000000000 
Tons, that is, the Atmofpbere comprefleth 
the Earth with a Force, or Power> nearly e^al 
to that oiFive-tboufand Millions- of Millions of. 
Tons. 

A, This is extremely wqnderful ! But, pray, 
how happens it that Men, Beafts, Houfcs, 

* ^c. are not cirufticd to Pieces, if they are ptef- 

fed with fuch an intolerable Weight of Air T 

B. By the EquiUbrium of the internal Air^ 
or the Air withm all Bodies ; which thgugjh 
it be fmall, and not worth naming,^ yet caa 
balance, refift, and equiponderate the Force of 
the external j^r ('z» is proved by vairiqus Ex- 
periments) how great a Quantity foever it be.: 
The Experiments of the Air-Pump which con^ 
firm this are very furprifing. 

i A: I think, &>, all you h^ve faid of the* 

Weight and Gravity of the Aimfpbere or Air^ 
is full of Aftoni(hment; can you tell ajay. 
Thing of the Hei^t of it. 

B. Nothing certainly can be determined about 
that, becaufe the higher you go, the rarer tha 
Air is ; and there being no certain Meads ta 
determine in what Proportion the Air becomes* 
rarei: and rarer through the whole Extent there-^ 
of, there can of Courfe be no precife Account 
of its Altitude : However, they compute the 
Air ^ thet Height of 42 Miles, to be 409^ 
Timies more rare, or thin, than with us ; and 
this being next to nothing, the Height of the 
Air may be reckoned about 40, or 45 Miles*- 

M 4 Agreeably 
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Agreeably hereto, Dr. Keill hath calculated 
its Height to be 44 Miles by an Obfervation of 
the Twilight K 

A. Pray what other very remarkable Pro- 
perties hath the Air ? 

B. It is not only the Means, but as it were 
the Matter of Life itfelf and therefore abfo- 
lutely neceflary. 

A. How do you (hew it to be the Means of 
Life? 

B. By putting certain Animals into the cx- 
haufted Receiver j where it is furprifing to fee 
the EfFefts of withdrawing the Airy^j the Pump 
on the Bodies of thofe Creatures : You will 
thus fee T>ogi^ Cats^ Rats^ , Mice^ &c, turn up 
and expire in half a Minute, and look ex-> 
tremely thin and meagre : A Mole dieth in one 
Minute : InfeBs^ as Wafps^ BeeSy Hornets^ 
Grajhoppers^ &c. in two Minutes feem dead ; 
and will continue a whole Day and Night 
without Air^ and afterwards revive in open 
jUr : EarwigSy Beetles^ Snails^ &c. endure 
the Air-pump prodigioufly; and Frogs will 
longer preferve their Lives in Vacuo than I'oads ; 
yea, thofe invifible Animalcules in Pepper- wa- 
ter, will revive in the open-4?r, after, having 
Iain 24 Hours in Vacuo ^. 

A. It muft be curious, indeed, to fee thofe ar^ 
tlficial Deaths and Refurredlions in mute Ani-> 



* Sechis Aftronom. Left. Ptf^^235, 236. 

•f See Mr. Derham\ Pbyfico-^heology^ Book I. Chap, i . !» 
the Note^. Mr. DAvinport'% Defcription of his ^ahU Air-Fump. 
Mr. HanAjkJbeiSj Gra<v€fande\^ &c. Experiments* Sturmiut\ 
CalligiumCuriqfum.StMr An ?hy{iol, Expcr. Expltr. 14. Sedt* ii^ 
12, 13, 14, £?V. 
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mals ! But how do you underftand Jir to ,bc 
the Matter of Life ? 

J5. 'Tis certain Air is impregnated with a 
wvifying Spirit^ ot Matter, which is immc- 
* diately neceffary to Life ; and that this vivify^ 
ing Spirit is inflammable^ or proper to feed Fire, 
and capable of being burnt or confumed thercr 
by ; for it is known by Experiment that no 
Creature will live, nor a Candle burn, in Air 
which hath paffcd through the Fire, and may 
be called aduft or burnt. Air. 

A. Is tlje Air alfo of Service to Vegetabrcs 
and Plants ? 

B. Yes, in as much as there is a manifcft 
Refpiration in Plants and Trees, on which their 
vegetable Life depends, and is preferved 3 this 
is known by numberlefs Experiments J. 

A. Hath not Air an EfFe<a on Bodies which 
tend to diflblve them ? 

B. Yes, the Air hath the Faculty of a Mea^ 
flruum^ or a Power of diflblving Bodies : It will 

reduce Cryftal-Glaffes to a Powder in Time ; 
fo divers Minerals, Earths, Stones, Foflil-Shells, 
Wood, &c. which, perhaps, from Noah's Flood, 
have lain under Ground fecure from Corrup- 
tion ; yet, being expofed to the corrofive Qua- - 
lity of th/5 Air^ have foon mouldered away ; fo 
Iron, Steel, Copper, &c. may be foon dilfolved 
into a Ruft, &c. But fuch Things are too 
common to be infifted on, or to want Proof. 



X See Mr. Ha!es\ Vtgetahk Staiics throaghoat. Borelli dg 
Mot. AtdmaU Mr. Miliar^ Gardener's Didionary, Folio, Dr; 
G/Mv's Anatomy of Plants. Joan. CUrici Phyf. Lib. IV. Cap» 
1,9. Or an Abridgment of all io my Phihiog, Library » under 
the Title Botaty. 

A. I 
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^^ I have heard you make out already how 
LAV is the Means of Sound ; hut, pray, what 
Advantages of Ught and ViJ^n accrue thereby ? 

jB. Very great (perhaps, greater th^n you 
may be yet apprlfed of) are the Benefits and 
Advantages of the circu(nambient Jir in theib^ 
Regards : Yoxfirfi were it not for the Rerfac-w 
tion of the Atmnffhere^ the* Heavens by Day . 
would have the Appearance of Night j th6 
^tafs, even the fmalleft, would appear and 
twinkle ; the Sun iadeed would appear % 
great Light in that Part of tho dark r iraia- 
ment where it was 3 but fhould a Spedaitoir^ 
torn his Back, to hifn> he would fee all Nighty 
and Darkfiefs furtouod him at Noon-tide;. 
Secondly y The Sun at rifiag and fetting wot^k^ 
liave the iatnae. Brightae& and L^ftre as a6 
Noon-day,, and fQ would be hurtful to . our 
Eyes. Thirdly y As foon as the Sun defcendedJ 
the Horizon, WQ (hisiild he ia total Datkaefs, 
^d a cloudy Kight wouH then prefqnt us 
with the blackejl^ &arkue&. poffible. Fcmibfyy 
A^ we fhould H%ve np Twilight by Night, nor 
{hinijpg Lu{)fi:e of the Fkr^a^tsaent by Daiy, ^ 
we ihould want titat Advantage we naw 6n«« 
joy, of not oifjy being hfefibd with the Light 
of the Sun whsn abfeat, but' even of the ac- 
tual Appearance of the. Body of the Sun hicn--^ 
fclf, e^ch Pay, bjefoj^e he rifeth, jind after he 
fetteth^ 

A. What, I befeech you, 5/r, do you fup- 
pofe we can :fee tlie Sua when he i3 realty ua-t 
der the Horizon- 

B. Yes,, we de^ for- the SpacQ, of fom© Mi^ 
Bules each Day. 
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A. Pray, &>, if poffible, let me underftand 
how this can be by a Scheme ? 

B. \ willj and you may very eafily appre-, 
head the Truth of this Affertion (tho* flrang6) 
from thence, provided you remember vsrhat I 
faid of the Reflexion and Refradion of Ligl^t 
when we difcourfedon that Subjefl:. » 

A. I do reraqmber it very well, pray proceed* 

B. Then pleafe to call your Eyes on Fig^ 
3CXVJ. on Flate XV. fronting p. 1 87. wh^cl^ 
reprcfents the Earth furrounded by its Atmof^ 
fhere : Now let HO he the {lorizpn of a Per- 
fon at P, S is the Sun really under the Hori- 
zon, from which a Ray of Light S I proceeds^ 
and falls on the upper Part of the Atmofphere 
at I ; l;h^ Ray by the, thicker Medium of the 
Air 1% bent from its direft Coqrfe to I), intq 
the oblique one I P, and fo ftriketh the Spec- 
tator's Eye; the Spedlator then will fge thq 
Sun in the Direction of this refradbed Ray P I, 
'Dtz. at R, which is above the Horizon : And 
thus at fofne Times of the Year, w^ fee the^ 
Sun above the Horizon near 10 Minutes whilft 
it 13 really below it on one Day, taking thq 
Moniing and Evening together ; at a Mediusi 
it is 6'ie^ch Day throughout the V?ar, which 
is as good as 3 -^ equinoctial Pays in one 
Year ; which is alnK>ft a whole Year's Sun- 
fh\ne i;i a Century more than we could oth^r*-i 
wife have had. 

A. Siry I perceive it very plainly, and give 
yoiui abundance^ of Thanks *i^ 

C H A Pw 

^ See large Di^ourres on this copious Subjeft in Boerhaa*vi^& 
Chfrniftr/y Part 1. Pa^gc 277 to 304 ; with Dr. Siaw's -Notes 

thereon. 
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C H A P. II. 

Anemogiiaphy, or tbeV hi LOS ojphy of 

the Winds. 

'Jl. TT O W do you derive the Word Ane-^ 

J7I mography ? 

B. From the two Gr^ek Words "Avsfjto^, 
Wind^ and rpatpij, a Defcription 5 it therefore 
Cgnifies d philofophical Defcription of Windi 
in general. 

A. What is the Wind ? 

B. Wind is nothing but a Stream or Tor- 
rent of Air, as a River is a Stream or Torrent 
of Water. 

A. What Diftinaion do the Philofophera 
make of ^/W? 

B. My Lord Bacon diftinguifhed Winds in- 
to four Kinds, viz. 

I . General Winds ^ which always blow from 
the fame Quarter. 

thereon. Mr. Claris Motion of Fluids. Ne<wion. Pn'frcifia Ma-* 
ihem. Phil, Nmturalis, fajjtm, J, Rohaulti Phyf. Part III. Cap. 2. 
£um Annot, Dni Clarkii annexis, y. Clerici Phjf, Part III. Cap. I. 
Stairii PhyJ, Exper. Explor. 1 9. CaCp, Baribolini Specimen Phi'» 
lof, Nat, Cap. 1 2. Mr. BoyWs Memoirs for a general Hiftory of 
the Air. Mariotte de la Nature de PAir. Regnauh^s Philof. Conv. 
Vol. I. Con. 2, 22, 23, tff. Mufchenhroek's Epitome, PartlL 
Chap. 22. Gra'vefande'if Defaguliers*Sf HaukJbee'*Sy Wofier*%^ &c. 
Courfcs of experimental Phiiofoph. C^/»<fy'» Princip. of Philof, 
parti. Chap. 5.Sea. 28. Relig. Philofophcr, Vol.1. Contcmp. 
17. yLx,Derham\ Phyjtco -Theology, fiQok I. Chap. I. Dr.Hales^s^ 
Vegetable Statics and Hasmailacics. Mr. Millars Gardener^a 
Didtionary, Folio. Chamhers^s Didionary, and Harris''s Lexi- 
con, under the Words Air and Atmofpphere ; -and a great Num- 
ber of other Authors quoted and referred to in Mr. J-ohnforCs Phi- 
Iof« Quellions^ from Page 84. to 92^ and (he Philof. Tranfa^ions* 

Z. Stated ' 
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♦ Of general Trade Winds. ig^j 

2; Stated Winds, ^ which blow only certain 
Seafons from the fame Point. 

3. Servile Winds, which regard the Region, 
Time, Seafon, &c. 

4. Liberal Winds, which blow indifferently 
any where, or any how. 

But this is not fo natural as the following 
Divifion of ^/Wj, viz. 

1 . General, or coafting Trade Winds. 

2. Periodical, or ihifting Trade Winds, cal- 
led Monfoons. 

3. Common, or cafual Winds, the fame as 
the foregoing liberal Winds. 

' A. What are the different Qualities of Wind? 

B. They differ (faith my Lord Bacon) not 
much more in the Points from which they 
blow, than in the Qualities with which they 
are diverfified; for fome are violent, others 
gentle ; fome are cold, others hot ; fome are 
conftant, others mutable ; fome moiften and 
diflblve, others dry and thicken ; fome gather 
Rain, others are tempeiluous and difpel it, and 
others are ferene and fmooth. 

ji. Pray what are the Caufes of Wind-? 

B. Any Thing that can defjroy the Equili- 
brium of the Air, and by afting on fome Part 
with a greater Force, putting it into an Agita- 
tion, produceth fuch a Stream or Current of 
Air, a& we call Wind. • 

j4. This is fo very general an Account as 
gives me but a little more Notion of the Thing 
than I bad before* 

B. la 
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B. In all Cafes we cannot be acquainted 
with Particulars; hoWtver, 'tis pretty certain 
that divers 't'hings, as Eruptions of Vapours 
from Sea or Land, Rarefaflidns and Cohden- 
fations in particular Places, the Fill of Rains, 
Preflure of Clouds, Gfr. may altet the Equi- 
poife, or Balance of the jitmo/pbere^ and there- 
iy caufe Winds more or lefs : Befides, feveral 
Caves, and fome great Lakes, etnit or ftndl 
forth Winds ; but the moft general Caufes of 
Wijid are Meat and Coldy as is manifeft fix5ra the 
^neral and periodical Tmde Winds between the 
Tropics, and thereabouts. 

A. Pray what are thofe Wtfids you cdll ge- 
neral Trade Winds ? \ 

B, Such as blow conftantly all the Year long 
from dne Quarter ; as from tne N. E. ot about 
the North-Eaft, on the Nortb-Side of the E- 
quator to 30 I)egrees Latitude; andftortithe 
S. E. or about the Smth-Eajly oti the Svnth'Sidt 
bf the EquatcJr to about 30 Degrees Latitude, 
in the Atlantic Ocean, Ethiopian Sea, the tn^ 
dian Ocean, and great Souths Sta : Thefc Wihds, 
for ymir better conceiving therti, 1 hdvc repffe- 
fented in the Map adjoined, by dark Lines m 
the aforefaid Atlantic^ Etbiopid^ and Indian Seds ; 
in which you will fee divers Atfo^¥s rfiewing 
fhe Courfe of thofe Winds. 

A. This, S/r, is very helpful, and hiaketh 
the Thing eafier than your very Words can 
do : But dot h the Wind blow conftantly Irt 
thofe various Courfes and Diredtions, ftic\;^rh 
by the Arrows, within a fmall Diftancd of the 
Coafts of Africa Wejward ? 

B. Ytsj 



-Ofihejhtfting ^rade JVirndt^ erMmfodnSi tgf 

jB. Yes } they are called the general coafting 
Trade fFMs,^^ and always blow on the Points 
the Arrows (hew, , 

Ji. But what is the Meaning that I fee in 
the Map feveral Arrows in clear void Spaces, 
feme pointing one Way^ and ot^jers the con- 
trary quite, with the Names of the Month 
abbreviated fixed tt> them ? / 

B. I will inform you : It is in the jirabiau 
Sea, the Bay of Bengaly the Chinefe Seas, by 
the Eaftern Coafts oi Africy and to lo De- 
grees of Stmtf) Latitude in the Indian Ocean, 
that you find thofe contrary Arrows ; and in 
thofe Parts you muft know the Wind blows 
one half of the Year one Way, and the other 
half the contrary Way: Thefe are called the 
periodical or ftoifting Trade Winds ^ which the 
Sailors call the Monfoans^ 

A. Then, I fuppofe^ as the Arrows in thofe 
feveral Plices fliew the various Courfe* of the 
Mtmfotmsy fo their Times of {hifting or chang- 
ing their Points, are denoted by the Names of 
tfa^ Months affixed thereto. 

B. Yes, they are, ^nd therefore all thofe 
who fail in thefe Seas, are obliged to obferve 
the Seafons proper for their Voyages, and in 
fo doing they fail not of a fair Wind^ and fpcedy 
Faflagc, 

A. How do you account for fome Winds 
blowing always one Way, and others on con- 
trary Points, in equal Periods of Time? 

B. The moft fagacious Dr. Halley (the Au- 
thor of all the prefent Philofophy of Wind) 
gives this Account thereof, viz. Tl>at, accord- 
ing 
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ing to the Laws of Statics^ the Air which Is 
Ie(s rarified and expanded by Heat df the Sun's 
Beams, and confequently more ponderous, muff 
have a Motion towards thofe Parts thereof, 
which arc more rarified, and lefs ponderous,' 
to bring it to an Equilibrium, or Balance. And, 
2. That the Prcfence of the Sun continually 
fhifting' to the JVeJlwardy that Part towards 
which the Air tends, by Reafon of the Rari- ^ 
faftion made by his greateft meridian Heat, is 
with him carried Wejiward ; and confequently, 
the Tendency of the whole Body of the lower 
Air is that Way : And thus a general Eaji-Wind 
is formed in the Atlantic and great South Sea, 
perpetually blowing JVeJlward. 

A. But, I obferve, by the Arrows, thofe 
Winds decline from the £^, Northward^ on 
the North of the Equator, and Southward, on 
the South' Side : Pray how happens that ? ^^ 

jB. Becaufe, near the Line, the Air is much 
more rarified than at a greater Diftance from 
it Northward and Southward ; wherefdre the 
Air being towards thofe diftant Parts Ifefs rarifi- 
ed than in the Middle, will confequently tend 
from the North and South to the Equator, and 
fo become N. E. and S. E. Winds* 

A. But why are not thofe Winds as univer- 

fal in the Arabian, Indian^ and Chinefe Seas, ,^ 
arid other Parts between the Tropics, which' 
have the fame Situation to the Sun, as the At^ 
Janticy Etbiopicj or great South Ocean ? 

B. The Reafon hereof is, undoubtedly, ow- 
ing 'to their being furrounded by fuch great 
Continents, \\Lhich break the Continuity of the 

Oceans; 

2 
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Oceans ; and from the Nature of their Soil^ and 
thePoiltion of high Mountains, produce thofe 
£bveral Variations of the Wind in thofe Plac^ : 
Thus^ the Winds fet in upon the Land, even 
from Wejl%vardy, on Ibme Parts of Guinea ; be- 
caufb the Soil, being fandy, refied6 prodigious 
Heat, which greatly rarifies the Air, and ma- 
keth the more cold» and denfe, tend thither, 
from the Wejem Sea, to reftore the Equilibrium. 

A. And^ pray, how is tlie fudden Change of 
the Windy to oppbiite Points, accounted ibir in 
the periodical Winds, called the Monfoons ? 

S. Thus: The cold and denfe Air, byRea- 
fori of its greater Gravity, prefles upon the hot 
and rariHed ; and therefore the rarified Air muH: 
afcend in continued Streams as fail afi it rarifies, 
and being afcended, it muft difperfe itfelf to pre- 
ierve the Equilibrium; and thus, by a contrary 
Current, the upper Air muft move from thofe 
Parts where the greateft Heat is, and fo, by a 
Kind of Ch-culation, the N. E. Trade Wind be- 
low will be attended with a S. W. Wind above, 
ajid the S. E. with a N, W. above. Now becaufc 
the Air coming out of the N, E. over vaft Conti- 
nents of Land (which, when the Sun is North-- 
ward, are intolerably hot ; but more cold and 
temperate, when the Sun is at the Southern Tro- 
pic) into tlie Indian Sea, is fometimes hotter,- 
and fometimes colder than that whereby this 
Circulation is returned out of the S. W. by Con- 
lequence, the under Current of Air is one while 
from the N. E. and other while from the S. W. 
-/f. Do not the Seafons help to determine 
fomewhat of this Matter, in which thofe Chan- 
ges happen ? 

N B. Yes, 
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B. Yes, they plaitily confirm what I have be- 
fore faid J for in jipril^ when the Sun begins to 
warm thofe Countries to the Nortby the S. W. 
Monfoons begin, and blow during the Heat till 
X)Slober ; when the Sun being retired, and all 
Things growing cooler Nortbwardy and the 
Heat encreafing to the South, the N, E. Winds 
enter, and blow till April again : But yet, why 
the Monfoons change here, and not in the 
Etbiopic Ocean ; and alfo why the Limits of ^ 

the Trade Winds are fijted to about 30 Degrees 
of N. and S. Latitude, is not fo well to be ac- 
counted for ; and therefore mull be left, with 
feveral other Intricacies of this Nature, to the 
Difquifition and Difcovery of fucceeding Ages. 

A. Well, fo much then for general and 
periodical Trade Winds j have you any Thing 
farther to obferve of the common and variable 
Winds, incident to all Points and Places ? 

B. Yes, a few Things touching their Quali-- ;* 
ties, Velocities, and Extent or Limits. 

A. What do you obferve of their Qualities ? 

J5. That thofe Winds are dry and cold, which 
contain the leaft Quantities of Vapours ; thofe 
Winds gather and generate Clouds, which cajry 
with them great Quantities of Vapours ; thofe 
Winds are hot, which blow from off hot Re- 
gions ; and cold, vvhich blow from cold ones ; 
thofe are the moft violent which are agitated by j 

the greateft Force, and the contrary -f-. 

A. And 

f See much more on this Sabjed^ in Dr. }ialUf% Hiftorical 
Atcount of the Trade Winds and Monfoons in Pbilof: Tranfad^^ 
N'^. 183. Lord£4ic08*sHiilory of the Wind, j^^i'^a's Difcourfc 

on 
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A. And, pray, what is difcovered of the 
Velocity of Wind ? 

B. It is found by Experience^, that the Ve- 
locity of Windy in 9 great Storm, is not more 
than 50 or 60 Miles an Hour 5 and that a 
common brifk Wind moves 15 Miles an Hour; . 
•arid Tome are fo flow as not to move i Mile an 
Hour. 

,/i. In the laft Place, what do you obferve of 
the Extent, or Limits, of the Wind ? 

B. That it is very uncertain, and little 
knowff, unlefs of the aforefaid Trade Winds : 
The moft we know of com^non Winds in their 
Ufe, in cooling and cleanfing the Air from all 
poifonous Contagions, and pe/lilential Exhala^ 
tions ; and thereby keeping it always pleafant, ^ 
pure, and healthful ; whence appears their ab- 
folute Neceffity to animal Life, and Conferva- 
tion of the Univerfe. 

CHAP. m. 

Meteorography, ^r /i&^ Philosophy 
OF Meteors in genera), viz. Vapours, 
Fogs, M i s t s, C l o u d s, Rai n. Ha i l. 
Snow, Fro$t, Ice, Thunder, Light- 
NiNG, Ignis Fat u u s, ^r Ja c k i n a 
Lanthorn,Fi<ying Dragons, and 
fucb like. 

A. ▼ Pleafe myfelf with the Thoughts of con- 
\ verfing on SubjeiSs now, very pleafant, 

on the Origin and Properties of the Wind. Ciare\ Motion of 
Flaids, Page 237 to 240^ and 248 to 265. ^ Ro<wning% Comp, 
Syilem, Part II. DifTert. 5th. And almoU sdl the Authors re- 
ferred to in the laft Note. * 

N 2 and 
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0bA curious, fuch as what you call the Do6h*ine , 

of Meteorograpkyi but, before we proceed, pray 
Ict^ me know what is the true and proper MeaD-^ 
ihg of the Word M^rt?r ? 
- S. The Greek Woi'd Mt^tapov^ Meteorm^ is 
compofed of fi^tlu^ beyond^ and M%fm^ to Kftuf 
ai^ty and therefore a Meteor Implies that which 
is elevated aloft beyond us in the Air, as Clouds, 
iiigbtning^ tec. 

A. How many Kinds of Meteors do yon ji 
reckon ? - 

B. Some dtflinguHh them into three Sorts, 
^ry, anjj and watery. 

A. Which do they csXifery Meteors ? 

B\ Such as are compofed oi zfai JulpbureoM 
Exhalation^ kindled by the nitrous Quality or 
Sid^Aance of the Air ; and do then exhibit ther 
Appearance of Light and Fire in the Air, atf 
Lightning f Flying Dragons^ &c. 

A. What are thofe called airy Meteors ? '^ 

B. The Wind, audits divers Rinds ; but pro- 
perly l|>eaking, the Wind is no Meteor at all, 
nor are there any Meteors which confift merely 
ofWind. 

A. Pleafe to r&count me tho/e you call wa^ 
tery Meteors. 

B. They are fuch as confift of Vapmrs^ aiid 
watery Particles, which are feparated jfrom one" 
another, and raifed by the Sun's Heat, and be- ^i 
come modified in the Air into various Forms, as 
Mijis^ Clouds^ Bain^ 8cc. in abundance. 

A. Which do you hold it will be moft natu- 
ral to begin a Cohverfation withal, of thofe fe- 
veral Sorts of Meteors t 

B. It 



' 



I 



J 



I 

Of the Pkii^iply of Metfors. 197 

B. It will certainly be moll natural to begiu 
with watery Meteors. 

A. Well then, to nniake a Beginning! I ob- 
serve you faid thiDfe Meteors origmally coniifl: of 
Vapours \ pray, what are they ? 

B. Vapours are a Conipany of aqueous or 
watery Particles, &parated fron^ the Surface, of 
the Water, or moift Earth, by the Adion qf 
the Sun's Heat ; whereby they are fo far rari- 
iied^ attenuated) and feparated from each other, 
as to become fpeci£cally lighter than the Air^ 
and .confequently, th^y rifeja nd float therein ; 
ai>d thus, any Kiod Qf JIIf or Fire ntay cauf^ 
Vapours ^ t 

A. Pray 

X The Manner in.i«#kh Heat raifes tlie Particles of a Fluid 
into 4heAsr, or which is the fasie thing, makes it fpecjificalfy 
lighter than Air^ a great Difficalty with Philofophers^ wh# 
have taken Pains to invent many Hypothefes £01* the SoIutioB 
4^ereof» which may be all feen with their particular Confutations^ 
in Mr. .R0«i«;»/s Comp. SyjBan» Pitrtll. I>i&rt. 6. and the 
AtUhorhimfelf declines eivine apy Account thereof in the Prin* 
ciples of the prefent Phifofophy. 

fiat as it is no fmall Difparagement to the Jfrnnkalot KfwU- 
man Pbilofophy to fuggeft its Infuffidenoy to account for the Fjir» 
mathn^ Rifi^ and Re/biution of Vafours into Rain ; I think it 
proper to propofe the following Queries in Behalf thereof, i ( 1^ 

Does not the received Philofophy teach that FJuids CQnJSft ef ' 

Particles which touch but in few Points, and 4|re united by the 
Attraction of Cohefion ? (2.) That Heat is Fire, and that the 
Particlesof Fire are in a conftant and violent Agitation and State 
of Motion among themfelves? (3.) That, fince the Power of 
€loh^n is known to be lefs than the Power or Force of A^ioh 
in the igneous Particles, thefe Particles muft divide, iepar^te, 
and propel the Particles of the Fluid every Way from each other > 
and therefore, (4.) May not thofe Particles of the Fluid which 
lie in the Surfiice, be driven upwards beyond the fmall Sphere of 
Attra6Uonbyjthe A^ion of ^the fiery Particles? (c.) And, then 
l)eing extremely fmall, may they not be tighter than the Air on 
the Surface of the Fluid, and therefore be forced to afcend in it 
according to the Laws of Stati<,i f (6.) Being buoy'd up to a 

N 3 Height 
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A. Pray what Meteors are immediately for- 
med of Vapours ? . 

B. Fogs and Mijls : Fogs are tHofe Collec- 
tions of Vapours which chiefly rife from fenny, 
moift Places, which become more vifible as the 
Light of the Day decreafeth ; if thefe are not 
diffipated, but unite with thofe that rife from 
Waters, as Rivers, Lakes, &c. fo as to fill all the^ 
Air in general, then they are called Mi/is-, and 
often they ftink from a fulphureous Exhalation, 
or Matter they contain. 

ji. What Meteors are next formed oi Vapours ? 

B. Clouds are the next State of Vapours ; 
for they confift only of a Congeries of Vapours 
exhaled from Sea and Land, and raifed to that 
Height in the Air, where th^ become of equal 
Weight, or Gravity, with the Air ; in thofe Parts 
therefore, they float and fwim, md by ftriking 
one againft another, and mixing one with ano- 
ther, they coalefce, or thicken, and become more 
denfe and weighty ; the thinner or rarer the 
Clouds are, the lighter and higher they foar -, but 

Height where the Air is of equal Weight, will they not be 
there fufpended in the'' Form of Clouds, according to the fame 
Laws ? (7.) May they riot there (by the Means above afiign'd) 
be condenfed and imbodied, and fo become more weighty than 
the Air, ^nd therefore endea^^our to defcend thro' it, according 
to the fame Laws ? (?.) Butdefcending thro' a Body of confider- 
able Reliftance (as the Air is) will they not be again divided 
and feparated into leffer Parts, which being heavier than an 
equal Portion of Air, will ftill keep defcending in Drops or 
Form of Rain ? 

I fee nothing unnatural or meerly conjeftural in all this, and 
fare I am, it is all confentaneous to the Principles of the prefent 
received Philofophy. If any think the Subjeft of thefe Querns 
deficient in regard of the Purpofe, they are to (hew it. 

the 
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the more denfe they are, the weightier, and the 
nearer they ride to the Earth. 

A. Pray how high do you judge the Clouds 
to fly ? . 

B. ,From about a Quarter of a Mile to a 
Mile • 'tis very common for Perfons, by climb- 
ing very high Mountains, to get above the Clouds 
and fee them fwim beneath them, cleaving 
againft the Mountain they are on *• 

A. That muft be very curious to obferve ; 
but, whence the various Figures and Colours of 
the Clouds ? - 

B. The wonderful Variety in the Colours of 
the Cloudsy is owing to their particular Situation 
to the Sun, and the different Reflexions of his 
Light : The various Figure of the Clouds refults 
from their loofe and voluble Texture, revolving 
into any Form, according to the diflferent Force 
of the Winds. 

A. That Rain is produced from the Clouds 
we all know ; buty in what formal Manner doth 
it happen ? 

B. Thus : When various Congeries of Clouds 
are driven together by the ^ Agitation, of the 
Winds, they mix and run into one Body, and 
thus diflfolve and condenfe each other into their 
former Subftance of Water; alfo the Coldnefs of 
the Air is a great Means to coUedt^^ compaft, 
and condenfe Clouds into Water : The Water 
thus produced of the Clouds, being heavier than 

* Concerning the feveral Methods of meafaring the Height 
of the Cloads, fee my Young TrigonomeUr^ Guidg, Vol. I. Part 
II. Chap, II. , 

N 4 Air; 
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Air, muft of Neceffity fall through it in the 
Form wc ciW Rain. 

A. But why does it fall in Drops, and not in 
whole Quantities, as it becomes condenfed in 
theAir? 

jB. So it would fall in great Quantities, were 
it not for the Refiftance of the Air ; but the 
Subflance of the Air breaketli and divideth it 
info Parts, fmaller and fmaller, the farther it 
pafleth through it, till^ at. laft, it arrives to us 
\xi very fmall Drops -f-. , 

A. Is not Dew a Kind of 'Rain ? 

B. Yes 5 only with this Difference, that 
whereas Rain falls at any Time, and in great 
Drops; Dew falls only at ilated Times, and in 
fuch very fmall and fine Drops, that they arc 
fcarcely vifible, till they are fallen and condenfed 
into Drops on the Tops of Grafs, Boughs, Gfr. 

A. In the next Place, pray, Sir^ explain how 
the Meteor^ we call Snow^ is produced ? 

B. Snim is produced thus : When the ^- 
fmn are become confidcrably condenfed, yet 
not fo far as to become liquefied, or diffolved 
into Water, then, by a fpecial Degree of Cold- 
nefs in the upper Air, the Particles of the con- 
denfed Vapours are compelled into a hard, rigid, 
and glacy Subftance, feveral of/ which adhering 
together, form little Fleeces of a white Sub- 
fiance, fomewhat heavier than the Air ; and 
therefore defcend in a flow and gentle Manner 
through it, being fubjedt, by its Lightnefs, td 
all the various Motiohs of the Air and Wind ; 
and is what, when arrived to us^ we call ^mw^ 

f See Not^ % ia Page 1 97. 

A. Aod^ 
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\A. And, DRBiyw is aot Hail formed after fojne- 
what a like Maoaer ? 

J?. Bail is thus generated : When the Clou4 
which raineth is very high in the Air, or when 
all the Regions of the Air are very cold, the 
falling Drops of Water arc congealed there* 
by, and grow into a glacy Subftaoce fomewhat 
white and hard, of different Size and Figiuic, 
according to the Partjcles of Watscr, the Dc-.- 
grees of Heat and Cold, the Wind, &c. and 
this, when come to us, we call Hail. 

jL Althou^, I fuppofe, you do not reckon 
Fr^^ and Ice among Meteors^ yet I believe this 
may be as proper a Place to difcour& of them 
as any ; and therefore, if ypu pleafe, be fo good 
as to explain to me their Natures ? 

B, Dr. Cheyne faith, that CoU and Freezing 
feems to proceed from a faline orJalt Sqb- 
ilance floating in the Air, whofe Particles are 
very iharp and pointed, and thefe iniinuatlng 
thcmielves (in a wedge-like Manner) into the 
Pores of the Particlds of Water, do thereby %» 
ctyflalize, and make hard the iuperficial Parts 
of Water, and all humid Subftances i and htnc^ 
the incrufted Sur&ce of £artfa. Dews, Gfr. wc 
call Frofty and the fixed and cryftalized Super* 
ficjes of Water, we call Ice : But, when the 
Heat of the Sun diilblyes thofe frees^ing, faline 
Particles into a Fluid, the Surface of the Water, 
^c. all return to their forfner natural Sttte ; ajad 
this we call Tbamng. 

A. Have you apy Thijjg farthec to confiider^ 
as watery Meteors ? 

£. No, 
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B. No, thofc now defcribed arc the whole 
Tribe ; and as we have already largely fcanned 
the Nature of the Wind, which fome (as I told 
you) improperly make a fecond Sort of Meteors^ 
let us now pafs to the Speculation of thofe which 
are called fiery Meteors. 

A. With a very good Will, Sir ; nothing de- 
lights me fo much as thofe Kinds of natural 
Refearches ; and in the firft Place, pray which 
do you count the principal of all the fiery 
Meteors ? 

B. Lightnings which is thus occafioned: 
The Air doth abound with Steams and Exha- 
lations of Sulphur^ Bitumen^ Nitre^ and Salts of 
various Sorts, Acids and Alkalies ; thefe being 
raifed by the Sun's Heat into the higher Regions 
of Air, are there difperfed arid ventilated to and 
fro by the Winds 5 this Agitation produces a 
Mixture; and confequently, a Fermentation of 
thofe combuftible Sulphurs with the nitrous 
Acids, which is often to that degree as to kindle 
into Flame, and thereby caufe thofe fhining 
Flafhes of Lightning we fee darting fi-om die 
Sky J. 

A. But, pray, 5/r, what makes the TCbunder 
with it ? 

B. Hhunder is occafioned by the kindling 
thofe bituminous and fulphureous Exhalations. 

X Concerning the Natnrc of Bitumin^ Sulphur^ Nitric Acids^ 
Alkalies^ &c. fee Part IV. Chap. 2. and th« Notes thereto annexed. 

As Sulphur is the moft tnfiammahle^ and Kitrt the mod apt for 
a 'violent zxtdJudJen Explofion^ of all Kinds of Matter ; fo thefe two 
Sabftances are molt reafonably thought to afford die £Jluvuff 
which compofe the Mixture producing /^j^^/n/ir^ and Thunder ;. as 
they are the two principal Ingredients in Gunpowdir. 

* in 
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in the. Air by the nitrous Salts, in the fanic 
Manner as the Explofion is produced by fetting 
Fire to Gunpowder j or jiurum Fulminans • and 
the Reafon why we do not hear the dreadful 
Noife of Thunder^ fo foon as we fee the Injlam^ 
mafion or Lightnings is becaufe Sound is lohger 
iarriving to bur Ears, than Light to our Eyes ; 
as I have before told you. 

A» I have heard talk of Thunder-Bolts^ and 
their ftrange EfFedls ; pray what do Philofo- 
jrfiers fay of it ? 

B. What is called a Thunder ^Bolty is nothing 
but a more foHd and moft rapid Flame, which, 
with incredible Celerity, flies from the Clouds to 
the Earth, and through every Thing ftanding 
in the Way, being interrupted by nothing. The 
more remarkable Pbanomena of which are as 
follow : I . That it affedls high Places chiefly, 
as Mountains, Towers, Trees, &c. 2. That it 
will fometimes burn a Perfon's Clothes, while 
his Body remains unhurt. 3. That, on thecori- 
tfary it* will fometibies break a Man's Bones, 
while his Clothes and Flefli receive no harm. 
And, 4. In like Manner it will fometimes melt 
or break the Blade of a Sword in the Scabbard, 
while the Scabbard reniains untouched; and, 
on the contrary will fometimes burn the Sheath, 
and not affeft the Sword. The Reafon of thefc 
ftrange and contrary Eflfefts Philofpphers can 
but conjedture at, imputing it to the diflfereht 
Figure and Quality of the Particles of * Light- 

. : ning^ 



* There is a Sort of Stone, or Mineral, which the comt^oQ 
People call a Ihmder boft^ aqd imagine it falls from the Cloiidt 



Vk 



ao4 7i&^ Philosophical Grammar^ ' 

flings which renders then\ capable of diflbhring 
fome Subftances, at the fame Time, that it will 
loot touch others. 

A. All this is very ftrange indeed j pray what 
other fiery Meteors are remarkable ? 

B. The fame aerial Fire, or lulphureous In- 
flammation hath different Names, according to 
the Variety of Figures and Sizes it appears un^- 
der : As, i. Lampas^ a Lamp, when it bum-* 
cth by little and little, on one Part only. 2. 
Bolisy a Dart, when the Exhalation appears 
kindled in a long TraA together. 3. Trabes^ 
Beams, when the Inflammations appear in the 
fame Place continually. 4. Chafma^ a Chafm^ 
when the Flame IWnes or glitters from the 
Breaks of dividing and fplittjng Clouds. 5. Igm$ 
FatuuSy i. f . the foolish Fire, or Jack in a Lan*- 
thorn, when a fat unduous Vapour is kindled, 
oand wafted about by the Motions of the Air, 
near the Surface of the Earth, like a Light in a 
Lanthorn. 6. Ignis Pyramidalis^ the pyrami** 
^ical Fire, when it reicmbies a Pillar of Fiite, 
^landing upright. 7. Draco Volans^ a flying 

Dragon, when the middle Parts be thicker and 
broader than the £nd^. 8« Capra Saltans^ ^ 
fkippin^ Goat, when it appears to have a ikip- 
ping Motion, and to be fometimes kindled^ and 

in % Sti^ok^ of Than^^Ty md thereby does many times great Mif* 
chief, bat this is a vulgar Error ; the Stone feems from the Make 
and Fafliion thereof, to refemble' mdre an artificial than a liata- 
T^al Produdion; and being mod frequently found where Sepolduts 
])ave.been» inclines fome to think they are fome Remains of An- 
tiquity* and were formerly of oTe in War, and Arms^ which it was 
cuOomary with the Ancients to bary with their Aihes. See the 
Authors laenttonM in Rtwming\ Comp. Sydrm* Page 146 of 
fart IL and Phil. Tranf^No. gis, 3i6» 31 9» 33W336. 

ibme- 






. Of fiery Meteors. 205 

fbmetimes not. 9. Stella cadentisy falling Stars 5 
when the more fubtile Parts are burnt away, 
they fall by the Weight of their vifcous^ and 
earthy Matter remaining : And thefe are aU the 
rcnurkable fiery Meteors 'f'* 

-f* Of thefe Meitors^ the tgnh Faiuus is the moll frequent and 
confiderable ; of which SiiJfaac Newtfin thus writes, ** The igntg 
^* Faintts is a Vapour fhininf^ withoa^ Heat; aii4 is thei^ not the 
*' fame Difference between this Vapour and Flame, z^ between 
*^ rotten Wood (hiRmg without Heat^ and burning Coals of 
•«Fire?" 0///«, Qaeft, 10. 

The lAeUors here mentioned are nioft of them but Patis of the 
wonderful Fhanomenon callM the Aurora Borealis or Northern 
Lights, which is an Appearance of ilreaming Light, darting from 
a«rkPart of the Air which looks lil^e a Cloud, which Streams 
or Streaks of Light, if low, are perpendicular to the Horizoa», 
and higher feem to meet in a Center near the Zenith ; where the/ 
have varionb glancing, qiiiverin| and eurling Motions^ and wheil * 
^e Nitro'/ulphureotti Matter, o? which it confiUs, is all fpent 
and burnt away, i^^ Aurora commonly degjBnerates into a bright; 
Twilight, in the North, and there gradually dies away. See a' 
laigr Account of tjiis PhaenomenDn in all its Shapes 'iiiSio'wmng^% 
Comp; Syftcm, Part II. Differt. 7. R4onf. Matron's ?hyf. & 
Hift T/eatif^ thereof in the Menioires de T Acade&ie Royate 
dei Sciences ; or an Abfltad thereof in Philof. Tranf. N^. 43 1« 
See an Account of feveral Aurora^s in the Philof Tranf. N^. 3 jf , 
347> 34^> 35 '» 3 5 2^ That wonderful Meteor, March igt\i^ 
jf. P. ijRi9>-N®. 360. Another the fame Year, N^. 363^ l)r» 
HmlUjf has made it appear from Obfervations on the Meteor feett^^ 
on the jift of Jufy, between 9 and 10 at Night, A. D. 1708, 
tEatthm Meteors are In the vtry upmoft Part of the Atmbfphere^ 
orjbeiwetii 40 and 50 Miles perpendicular Heiglrt. AHothat^ 
Ufarth 19th, A: D, i7io» was found by Calculation to be no 
lefs than 73I EngUJb Miles perpendicular Height. For a more 
aiftiple Account of Meteors^, the Reader may confult the Authors 
referred Co in Note * in Page 1879 Notef in Page i94..and 
FhiL Tranf. 
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C H A p. IV, 

Phantasmatography, or a Thilofophkal 
Account of the celefiial Appearances^ viz. the , 
Rain -BOW, Halo's, Parheliums, Pa- 
raselene's, Gfc. 

^.T^RAY, Sir^ why do you chufe to ufe fuch 
Jj a long hard Word as P bant af mat ograpbyy ' 
I can hardly fpeak it ? • ^' 

B. Becaufe that beft expreffes my prefcnt Dc- 
fign, which is to let you underftand what the 
Opinions and Difcoveries of the beft' Philofo- 
phcrs are 'concerning the celeftial Appearances y as . 
the Rain^BoWy &c. this Word being compofed 
of ^ctvjua-fi6cj» Phantom fy or Appearances^ and ' 
r^a(p^, z Defcription. 

A. But, Siry by your Leave, I would aik 
whether it be not an Innovation to call thofe ^ 
Things by the Names of Phantoms^ Appear anceSy 

or Apparitions y which (as yourfelf fays) are by 
the greateft Philofophers ranked with, and 
deemed Meteors? 

B. Be it an Innovation, or what it ^yill, I al- 
ways choofe to call Things by fuch Names as . 
exprefs what they be, not what they be not ; 'tis 
certain thofe Things we difcourfe of exift no : 
way but in Appearance, 

A. What, I pray you, is there nothing of 
Reality in thefe Things, as in the Rain-iow for 
Inftance, but a Form of different Colours ? 

B. Nothing more indeed ; they all owe their 
Exiftence to one common Caufe, viz. the Refiec^ 
tion and RefraSion of Light. 

. A. Pleafc 
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ji. Pleafe to explam a little more particular- 
• ly the Manner how thefe Pbanomena are pro- 
duced J and firft, how the Rain-bow , acquire^ 
his beauteous and wonderful Form ? 

JB. The Rain-bow is one of the moft furpriz- 
ing of all the Works of God (which the Hebrews 
call n'^rht^ rw^y the Bow of Gody and the Greeks 
Qccvfiotvrigy i. ^. the Daughter of Wonder.) This 
Phanomenon is feen ip the falling Rain^ or Dew^ 
and not in the Cloud whence that Rain^ or Dew^ 
proceeds 5 it is caufed by a RefeSiion and Re-- 
fraSlion of the Sun's Rays from the globular 
Particles of Rain : There are often two Bows 
to be feen at the fame Time, the interior, a$ 
AFB, which is more ftrong and vivid 5 the ex- 
terior BoWy as Q|ID, which is more faint an4 
weak ; the interior Eiow is formed by two Re^. , 
fraSHons of the Rays of Light, and one Rejkc* 
tion of them in the Drops of Water. See Fig^ 
XXVIL on Plate XVII. fronting p. 207. 

A. Pray, Sir^ exemplify this Matter. 

B. I will : In the interior ^(?i£; (Fig. XXVIL 
of the Plate as above) let EF be two Drops of 
the falling Rain, and let S ^ be a Ray of Light, 
falling on the Drop E in a^ from whence it ia 
refrafted firft to ^, thence it is refledled to E, 
whence it is a fecond Time refrafted to the Eye, 
fuppofe at O : In like Manner, the fame Thing, 
happens in the upper Part of this -Be?w, in the 
DropF. 

A. Well, and what are we to learn from all 
this ? 

B. Hence you eafily underftand the Reafon. 
of the Colours of the Bow^ if you have not for- 
got what I. delivered to you when we were dif- 

3 courfing 
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courfing of Light and Colours : For here yoa 
fee die Ahgle COE=4o^ 2' (hall be the greateft 
Angle, in which the moi^ refrangible Rays cai> 
after one Reftedion be rcf raded to the Eye'; and 
fhefdbUB all the Drops in the Line OE, fliall 
'fend the moft refrangiDle Rays moft copioufly to 
the Eye, and thereby flxike the Senfes with the 
deepeft violet Colour in that Region : la like 
Manner, the Angle COF=s42 ^ 1 7' (hall be the 
greateft, in which the leafl; refrangible Rays can ^ 
after one RefleflSoh be refradted to the Eye j 
and therefore all thofe leaft refrangible Rays fhaU 
come moft copioufly to the Eye in the Line OF, 
and ftrike the Senfes with the deepeft Red in 
that Regbn : Do you underftand me pray ; 

ji. Yes, iS/r, very well; tod I alfo undcrftand, 
that by Rdafon of the intermediate Degrfees o£ 
Refrangibility of Rays coming from the Drops 

. between E iand F, the Space between E and F ^ 
fhall be painted with proper intermediated Co- 
lours; and therefore the whole Face of the Bow 
/will be tinged with all the primogenial Colours 

' . in their natural Order, ^iz. Violet^ IndigOy Blue^ 
Green^ Tellow^ Orange^ and Redy from E pro-^ • 
ceedingfoF, 

B\ I anri glad to fee you fo very happily un- 
derftand the Matter ; you will with the greateft 
Eafeand Pleafure underftand the Phanomena of 
the upper, or exterior Bow QHD, which in fhort 
are thus produced : Let G and H be two Drops 
in the e:!^treme Parts of the upper JSdJie^; now fet 
SG be a Ray falling da the Drop in G, whence 
it is firft refradted to e^ from thence it is firft 
refledled fo F, from F it is a fecond Time re- 
ceded to ^, and from jj* it is a fecond Time re- 

frafted 
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fra£ted to the Eye at O : Now the fame is to 
be underftood in the upper Drop H ; hence 
the Angle C0g=:50^ 42 is the leaft Angle, in 
which the leaft refrangible Rays can after two 
Refledipns be refradted to the Eye ; and there- 
fore the Drops in the Line Og fhall ftfike the 
Eye with the deepeft Red, and the Angle COH 
cr: 54^ 22' fhall be the leaft Angle, in which the^ 
moft refrangible Rays after two Refledlions can^ 
emerge out of Drops 5 and 'therefore thofe Rays 
fhall come moft copiouily from the Drops in the 
Line OH, and {hall ftrike the Senfe with the 
deepeft Violet in that Region : And by the fame 
Reafoning^ the Drops been GH fhall ftrike the 

Senfes with the intermediate Colours ; and fo 

» 

the Colours in the whole Width of the upper 
BoWy fhall lie in this Order firom G to H, viz. 
Red, Orangey TelloWy Green, Blue, Indigo, Violet \ 
contrary to the Order of thofe in the lower Bow. 

A. Sir, I readily perceive the Reafon of 
thofe Colours in both the Bi>wSy according to 
the Laws of Refra6lion you heretofore men- 
tioned : but, pray, why are the Colours of the 
exterior .B(?w fo much fainter than thofe of the 
interior one ? 

B. Becaufe the Light is . twice reflefted in 
* tiie Drops of the exterior, and but once in 

thofe of the interior Bow, the Light becoming 
fainter by every Refledlion* 

A. I think. Sit-, the Rainbow always appears 
perfedtly round s doth it not ? 

B. Yes 5 accurately fo 5 for the Lines OE, OF, 
OG, and OH, turned round their common Axis 
OC, fhall with' their Ends EFGH defcribe the 
circular Borders,' or Extremities, of the two 
Bows^ O A. And 
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^. And do they always appear equally large f 

B. Yes, all I^niows are of the fame EKmen* 
ilons ; becaufe no Bow cati appear birt undet 
the Angles of the famie Quantitfes, as hefort* 
mentioned. 

ji. But we do not always fee an eqtial Qua»» 
thy of a Bow J I have often obfervcd, 

B. No, that is iqiipofiible you fhotdd ; for the 
Sun mud be ki the Horizon for ^ou to fee half 
the Bmv, which is the moft that can ever be 
feen ; for then ti^ Center of the Bows G is on 
the Superficies of the Earth ^ biit die higher the 
Sun ri^^ above the Horizon, the lot^er the 
Center C 'finketh beneath the Earth's Surface $ 
and confequently the lefs ilill you can fee of the 
Bow^ till, at lafl, you can fee none at tih 

A. Pray how h^h intuft the Sun be for the 
Bainbow not to be feen at all ? 

B. When the Altitude of the Sun becomes 
equal to the Quantities of the aforefaid Angles, 
under whidi the Bow appeatrsy they cannot theti 
be feen y that is^ when the Sun's E^ht is equal 
to the Angle OOE2=:4a^ a', the inner Part E> 
of the interior BoWy defcends the Horizdh ; 
when it is equal to the Angle COF=42^ ij\ 
the upper Part F, and fo the whole interior 
Bow will entirely vaniih and difa^ar beneath 
the Horizon. Thus, when his Height is equal 
to the Angle COH=54^ 22' the whole exte- 
rior Bo^ will be deprefled below Ac Horizon^ 
and then no Part of any Bow at all can be feen ^ 
hence all die Winter half Year both the Bows 
may be feen all the Day, the meridian Height 
of the Sun then at greateit being nevisr above 

A. What 
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. A. What elfe, prajr, is i^markable of ^% 
Rainbcm? 

B. The DinknficMis mE^HJbYzris andMiles^ 
I have calculated far evepy Pait of both B(^^ 
«fid are fudi asr are here fit down at a givtn Di« 
ftaiice of the Speaator^ and Height of tiie Sun^. 

Airo 

* SmffotA (tt w J^/>. UC. <» P/4«r XlVrfityntiog f. 179) t 
^eaator at O beholds tbe Bows AEB aii4 CGD at the Diftance 
OC^ 1 0f a Miity G(r tfxo Vards i and diaftht Heig)it of the 
Sim be at that Ti«« 116 ]>€greeia : fit fueh a Caft, I lutve deitt* 
mined the I^knenfionB of the Bowa ar follew; 

1. Th^ Center of the Bows P wilt be deprdTed below the Sur- 
flce(rftheEanb364Yaid8 «bQ^. 

2. The lefflv Steidiameter of the intenor Bow PB will h^ 
1066 Yards ; and tlie greater Semidiameter PF will be 1 154 
tfaids; therefeie^ 

3. The Biaddi d the latofar Bow BP iriH be 8t Yaids^ ot 
264 Feet 

4. Again the leffef Semidiameter of the exterior Bow TG 
itm be 1550 rl Tanl^i and the gitdter ^H, r77o Yards 1 
therefore* 

5* The Breadth of the exttrior Bow Gti will be 2 19 ^g Yard% 
ia^659'Feet; 

6. Confequently^ the Breadth of the exteriors exceeds tiM 
Breadth of the interior Bow by 395 Feet; which fliew it to be 
Ifiore than twice the Width of the latter. ^ 

7. The Diftance of tiie Sumioit F of Ae^ laterler Bow howi 
tiie Earth QJs 790 Yarda ; and the Sommit of the exU»i<k Bow 
ft from QJs 1406 Yards. 

8. The DiHanee between the two Bows from F to, C ie 
396tJ Yaards. 

9. The Diftance of the Legs AB of the Interior Bow on the 
Earth^s Surfistce is 2052 Yards ; that is, 1 Mile and 292 Yards. 

10. The Difhmce CD of the Legs of the exterior Bow is 3014 
Yards ; that is, i Mile, and yi of another. 

1 1 . The I^ameter of the interior Bow being 21 5 z Yards, the 
Citcuifkifbfence thereof will be 6694I Yards, or jjllllilesy on 
the Infide. 

12; The vifible Segment AEB above the Ba;:th, will be above 
1750 Yards; or i Mile and a half, and fomewbat more. 

13. The inner Circumference of die exterior Bow wiJl be 
$S3$7o Yards* or a litde mote than 5xf Miles ; and the Part 
CG^D above the Earth about z^^ Miles. 

Thefe are the principal Dimenfions of fuch a Bow, which may 
g^re the Reader a general Idea thereof, and many Times is very 
near the Tfath. I have fhewM the Method of Calculation in 

O 2 my 
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Alfo you have here learned the following Par- 
ticulars : !• That two Bows^ do appear toge-, 
ther. 2. The Manner how they are both form* 
ed. 3. The Reafon of the Diverfity of their. 
Colours. 4. The Reafon why the Colours of 
each Bow lie in an inverfe Order to each other, 
5. That the Rainiows never appear but when 
it rains. 6. That the Bow is in the falling Rain, 
and not in the Cloud. 7. That it always . apr 
pears in that Part of the Heavens oppofitc to 
the Sun. 8. ^he Reafon why one Bow is fo 
much more ftrong, apparent, and viyid than 
the other exterior one. 9. Why they are all in 
themfelves of an equal Bignefs. 10. Why we 
fee at fome Times a greater, and fome Times a 
lefler Part of them. 1 1. Why we can never 
fee above half a Bow at moft, and vrhen we can 
fee none at all. 12. That the Dlmenfions of a 
Rainbow may be computed in any known Mca- ; 

fure. 

ji. Indeed thefe are all exceeding curious 
Circumftances, and far more than ever I under- 
ftood before: But you have faid nothing of 
the Rainiows which appear by Night in the 
Moonjhine j what think you of them, Sir P 

my Towfg Trig. GuUe, Vol. I. Part 2. Chap. 2* But, by the 
Wuftake of a Number, the Mcafures there given are erroneous 5 
vthis Ovcrfight I difcovcred not till Jt was too late to corredk it, 

They who would fee the Mathematical Theory of the Ratn" 
low, may copfult Sir Ifaac Newton's Optics, Book I. Part 2. 
frm. 9. or Dr. Clarkt's Notes on Robauliz ?hyfics. Part. Ill, 
Chap. 17. Alfo in Dr. Grem\ Principles of Pbihfopby i and 
Dr. Hallefs Difcourfe thereon in Philof. franf. N®. 267, Sec 
alfo N*'>.37<?. Dr. Pmterton's T/Vw, Page 394. Grave/and"^ 
Bhm. Book III. Chap, i i . Chambers^ Di&imt. and Harris's Lex. 
Tech. at the Word iCuttba^^ 

' y B. They 
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B. Tliey are in all Refpeds the fame as 
thofc Qccafioned by the Sunjhine in the Day *. 

A. But, if you afSgn fuch a natural Caufe for 
. the Produdlion of the Rainbow^ would not therq 

hiave appeared ia Bow in all Ages and Places ? 

B. Y^s, always fince there have been Clouds,' 
and Pcrfons to fee the Refledlion of the Sun's 
Light from the Particles of falling Rain. 

A. Why, there have been Clouds ever fince 
the Creation,, have there not ? 

B. Yes, undoubtedly and Rain too. 

j1. Pray, then, how could the Rainbow be 
any Thing of a miraculous ProduSlioriy or be 
made the Sign of a new Covenant, which God 
made with Noah and the New Worldy as related^ 
t?^;/. ix. 13, 14, 15? 

B. That Paflage does not necefiarily imply 
that it was any miraculous Produ^ion^ or that it 

* There are obferved foar Sorts of Iriis or ooIoorM Bows, 
(i.) TYicRazHhowi of which already; and, for Oiftin^on, 
aiajr be called the Solar Bow. (2.) The Lunar'Bow 1 of which 
fee a remarkable Account mPbilof. franf. N^ 531. (3.) The 
Marine- Bow ; this appears at Sea in the Water which the Wind 
, carries off the Tops of the Waves ; the Colours in this ah-e not (b 
lively as in the Common -Bvw ; the moft vivid are a Yellow next 
the Sun» and a Green next the Sea. They appear in great 
Number, fo that 20 or 30 of them may be feen together. Lidlly^ 
they have a Pofition contrary to that of the common Rainbow; 
that is, chey have their Curve Part turned towards the Sea, and 
the Legs upwards. See Pkibf. Tranf^ N** 337, and 369, {4.) 
The ferreftri^'Bow ; for fo I call it, as being feen on the 
Ground i it is caufed by Refra^on of the Sun*s Rays in Drops 
of Dew on the Grafs i Mr. Langwitb tells, in^ one he faw, the 
Colours were very near as ftrong as ihofe of the common or 
Solar-Bow. It continually changdl its Place with the Beholder. 
The convex Part was next the Eye, and the Vortex was Vjcry 
near him. The Colours took up lefs Space, and were more 
lively, diat were neareft him. According to the different Height 
of the Sun, the Figure of this Bow may be either an HjferboUp 
farnkla^ or ElUt/u* S^ P^^hf* ^^^/ N? 369, 

O 3 did 
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did not txifi before i for memmi^ Signs or fa* 
hem 9Xt ariitrary fbingi^ and .God might a& 
well choqlCe the Rautkm fy€ fbst Pprpofe, as 
any Owelty wiiatibev«r ♦• 

A* How do you acoount for thofe Fhmm^ 
mna ^iw call ^ah'5? 

B. They 9re Cirqks Xomewbat akin to the 
Rainbow^ which ft|^ar about (he Sim and 
Moon» ^d fomotiiues varioufly coloured. 

A. Pray what vt the moft remarkable Ptf s^ 
tjculars in the Hah'i ? 

B. Tt»e following : i. They have alwaya the 
Sun w Moon for their Center. 2. They ncFec 
ippe^ in a rainy Sky, but in a riaiy and frofty 

* In Gen, ix. 13. oor Tranflation katli it-i-*- I^fit my B^w 
injbeClQudi v^hich indeed makes it feem as if it were not there 
before ; but i f #e attend the Original, we fiiall find the Word 
yiJ13 tP fifpify* nob--/ ^o>/» i^ttty / i6 ^'«r, fx i^pnmi^ . or 1^^ 
fropriate my Bow in the Cloud, for a Sign, bTr. Again, the Ex- 
preffipn ^/itCtpi ^ ^0«u;, .plainly implies the Bow was then in l>e- 
Ing; and was a coinmon and well known Thing, Once more, 
tiie WordnnVTV which we render— Wi/>j^^i#, may be as 
well rendered — ih(U itmaj h, 5rc. the Prefix *) being often foond 
to have the Signification of the Adverb, ut, that. Wherefore the 
Verfes may be truly thus tranllated ; Ida give or affeiHt my Bcnv, 
nufhiek is in the Cloud* that it nurf he for a Sizn or Token tf a Cove' 
rant hetnveen me and the EaHb ; and it JhdB come to pafi^ nuben 1 
hint a Hhnd over the Earth (X^t^VC^S^) ^^ tho Bow fiall he feea 
in the Cloudf {^PTXSfS) that I voiO rememher my Covenant that is 
tetvDien me ^djou^ kz. Thus, by giving the Particle *) its dne 
Acceptation in /diree feveral Places, the three Verfes run very 
Attoral, and imply no new Wonder or Miracle. I hope diofe 
Gentlemen who \i%st been fe reaidy In charging me with cafting 
Contempt on the Scriptares, will believe me, if I tell them 
once more, that J efteem the Bible above all Books in regard of 
Relkion, and that what I fa/ reflefts only on the Superfiitiou 
or ^orahce of diofe who wonld make the Scriptures fay any 
^ing inconfiftelic with Re^, Common Sen/e, or the Nature if 
rhingu 
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coe* 3 . They appear blue on the exterior limb» 
or Border^ and red aa the interior* 4. The Ait 
contained within them is more obiciTO than the 
ambient Air without round about them. 5. The 
jLimb of a Baky or Width of its Circle, is about 
half a Degree, or 30 Minutes^ 6« The Diame- 
ter of the whole Circle of the Haloj is about 44 
or 46 Degrees, more or lefs. See Fig. XXVUL 
<Wi. Plate XVIt fronting p. 207. 

A. And, pray, is the £^formed in theiame 
MflxiQcr as the Rainhw ? 

' B. The Halo is formed h§£^ Refradion of 
^ Rays of Light, withotA anyQlefle£tion, as in 
the 'Rjambtm ; and this RefraAi^im of the Light in 
^ HaiiftQnes in the Air, will be fbongeft at a* 
bout 22^, or 22^ 30^, diftant each Wav from the 
Sun or Moon, and gradually decay both Ways as 
the Diiiance increafes or decreafes ; and conie* 
quently at that Diftance there will be fortned a 
Circle we call the Halo^ about the Sun or Moon, 
which Hahy as often as the Hailftones are duly 
^Bgured^ may be coloured : and then it muft be 
/ed widiin by the leaf): refrangible Rays^ and 
idue without by the moA rd^angiUe ones: 
And this is the Subflance of all we know wordi 
mentioning of the I2^&V« 

A. Then a Word next, if ypu pleafe, con* 
cerning the Parhelia ; pray what are they in a 
|diilofophical Senfe, and why fo called ? 

B. The Parhelia are what the Vulgar call 
Mock-'SunSy and Parafelenes are Mock-MooHS^ 
.which fometimes appear in the Heavens, and are 
onJy Reprefentations of the Face of the true Sun 
4)rMoon byWay of Reflection intheCioudssthey 

O 4 are 
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are fo called, becaufe they appear troc^ii r^ 
'i^Xiovy befides the true Sun, and vocpd rfjv n« 
Xfivnvj belidcs the true or real Moon. 

ji. In what Manner do they appear ? 

jB. Thus : I . There is obfcrved a^cry great 
white Circle parallel to the Horizon, as ACDB 
pafling through the true Sun at S. See Fig. 
XXIX. on Plate XVII. fronting Page 207, 
2. In the Parts of this white Circle appear the 
Parhelia: As in 1629, March 29, there ap- 
peared at Rome 4 Mock*Suns, as ABCD, to a 
Spectator in the Obfervatory at O ; though not 
all of them equal, not equally ftrong and vivid, 
nor of equal Duration. 3. They are in Num- 
ber unequal, being fometimes four, as here, 
fometimes more or lefs. 4. They appear fome- 
times tinged with the Colours of the Rainbow^ 
now ftronger, now fainter. 5. Halo's frequent- 
ly appear at the fame Time ; as in the Cafe now 
mentioned, there appeared two broken ones, as 
the interior one FGH, very ftrong and Rain^ 
^^w-like, and the exterior one lABK, paffing 
through the two Parhelia neareft the Sun AB, 
but fo weak and faint as fcarcety to be feen. 
6. Among thefe four Parhelia^ one, viz. the 
Parbelium B, appeared to have a Tail, Comet- 
like, extending to £, the Part oppofite to the 
Sun S. , ) 

ji. But, Siry in viewing this Scheme, doth 
not I reprefent the Point vertically over the 
Obfervatory O, as well as the Center of the 
great, white Circle j and fo the Speftator would 
Jfee the true Sun, the HaldSy and the two Par^ 
helia A,B, before him, and the other two, C, 
D, behind him ; would he not ? 

-8. Yes, 
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• B. Yes, that is the right Way to conceive a 
true Notion of the Pbanomenon. 

A. Pleafe to let me know how the Philofo- 
phers fay they are formed. 

B. The great white Circle all around you 
is formed by the Refledlion of the Sun, from 
thofe icy Particles floating in the Air of the fame 
Height of the Sun ; and therefore the Sun mufl: 
be in it, as at S : The Hah^s FH and IK are 
produced as before faid : The Parhelia ABCD 
are produced by two Refra6lions, and one Re- 
flexion of the Sun's Rays falling on the icy Par- 
ticles in certain Parts of the white Circle; 
whence there is an Image of the Sun not only 
formed, but painted with the Colours of the 
Bow : But the Caufes of thefe Phenomena are 
not fo obvious as thofe of the Rainbow and 
Halo's y and therefore we leave them*. 

B. But, before we quite difmifs this phan- 
tafl:ic Subjed, pray give an Hint what that Pba*- 
nomenon may be we call Virgil ? 

B. This is only an -Apparition of the Sun's 
Rays darting through the Interftices of the 
Clouds, or otherwife, in the Form of a Bundle 
of Rods as it were. And now, from thofe 
Things which are fituated fo remote from us^ 
and in a Region altogether inacceflible to Man- 
kind, let us defcend to the Contemplation of 



'^ * If the Reader be defiroas of feeing a larger and more vari- 

1 oas Accoant of Halo's^ Parbelia, and other Appearances of this 

kind, let him perufe Sir J(fiuu Newton'i Optics, Book I. Part 2. 
Prop. 9. Difcartis Meteora in his Ofera Phitofipb. Mr. Hugens*^ 
Accoant of the Caafes of them in Fbilof. 7ranf. N^ 60. Alfo 
N^ 11, 129, 13, 47, 102, 250, 251, 262 ; and all the Authors 
referred to in Note *, Page 187* 
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Ae manifold Curioi(itie» wd Wonders di&o- 
vered in a Place we iuiwr better, and nearer 
H^mc ; to wit, in jtix GJobe of our fartb. 

^. "With all my Heaet, Sir; (of I cannot 
faj, indeed, but .cbat 1 atn alraoft vfeary .with 
Iravelling fo long through all the niherial Re- 
gioDB oi the Univerfe ; yet, M h hath bcien oa 
Ihe Wings of Coatemplatiqn, and faturated 
vith all the delightful Curiolities Nature coul4 
ftfibrd, 1 am fo far from regretting it, that I 
count it the beft and moii pcoBtably fpenC Fatt 
ef my Time. 
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GEOLOGY: 

CONTAIl^ING, 

I. A philofophical View of the terraqueous Ghhe, 

II. The Phflofophy of Earths^ StoneSy Metals^ 
Mineralsy &c. 

IIL The Phaofophy of Water, viz. the Seas^ 
Rivers, Springs, &c. 

IV. The Philofophy of Plants znd Vegetation. 

V. The Philofophy of animal Bokes, viz. the 
human Body, Brutes, Fowls, Fijhes, Infedls^ 
Reptiles, Shell Animals, &c. 

£li<wiDg the wonderftti Dircoveries of the modem Natora^fts in 

thefe ?9xtA of the Science. 
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GEotoGY, or the genetal^Do^rine of tie Globe ', 
of its various Divifions <W Subdiviiions j of 
the Viciffitudc of Scafons, a»d other general 
AffeElions, 

A, TTJRAY, what is imported by die Word 
Y^ Geokgyl 
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B. A Difcourfe of the Earth in general, or 
'terraqueous Globes as confining of Land and 
Watery from the Greek Words r?, the Earthy 
and Aoyogy a Difcourfe. 

A. How is the Earth divided? 

B. The firft great and moft general Divifion 
of the Earth is into Land and Water 5 which 
ag^ are feverally fubdivided into other lefler 
Parts. 

ji. Pray how is, the Land fubdivided ? 
B. Into the following Parts, wg;. 

1. Continents, which are great Tradh 
of Main Land, containing whole Countries and 
Kiagdoms ; as Europe ^ Afiay Africa^ and Ame^ 
ti€a. 

2. Islands, or Parts of Land environed 
by the Sea, as Britain^ J^p^Tt^ Madagafcar^ 

3* Peninsula's, which are Parts of Land 
chcompafled by Water, excepting on one Part, 
by which it is joined to the main Land, or Con^ 
tinent, as Morea^ &c. 

4* Isthmus is that Neck of Land joining 
die Peninfula to the main Land. 

;5. Promontories, or Capes ^ are thofe high 
Parts of Land which run far but into the Sea 
m a Point, as the Cape of Good Hope ^ &c. 

* See an Account of a new IHand raifed out of the Sea near 
^tnmini in the Archifelago^ May 12, 1707, by Dr. Shtrard^ in 
Thikf^ 7ranfi N^ ^14. Aifo of another new and burning liland 
nifed out of the Sea near Tercera on N(yvemb, 20, 1720* by 
^kmas Fofter,E(q; N<^ 372. This Ifle is in Lat. 38^^ 29', and 
Long. 26^ 33'. In N* 361, there is an Account of the Sunk 
(fiataly as ^tis caHed, in the Humber, which was Kecover'd from 
the Sea about 70 Years ago, and is about 9 Miles in Circum* 
ference^ and has a very fat and fertile Soil. 

A. And, 
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'A. And, priy, what arc the Subdivifions of 
the Water on the Globe? . 

jB. Thefe following, viz. 
!• Oceans, are thofe vaft CoUcftions of Wa^ 
ter which cover fome' greater Parts of the 
Earth'a Surface, as the Atlantic Ocean^ Mare 
del Zur^ &c. 

2. Seas; thofe are leflef Aflemblages of 
Water, which lieth before, and walheth the 
Coafts of fome particular Countries, as the E-^ 
tbiopic^ Indiak^ Arabian^ &c. Seas. 

3. G u L p H s, are thofe Parts of the Sea: 
tvety where environed with Land, except one 
Pailage whereby it communicates with the Sea, 
a&the Arabian Gulpby &c. 

4. Straits, are thofe narrow Paffages of 
Water which either join a Gulph to the neigh- 
bouring Sea, or one Part of the Sea or Ocean to 
another, as the Straits of Gibraltar ^ &c: 

5* R I V E R s, are Streams of frefh Water 
arlfing from feme Fountain-head, which by a 
continued Current arrive and difcharge them- 
icIvQS into the Sea *. 

A. What other Divifions do you make on 
the Surface of the Globe ? 

B. The Earth is again divided, with refpecSl 
to the Length of Days and Nights, into Climates. 

A. What do you cail a Climate ? 

B. Climates are fuch Parts of the Earth*s 
Surface on each Side the Equator, and parallel 

* See an Account of the Rife of feveral of the moil conCder- 
able Rivers in Europe by J, G, Schinchzer, F. R.S. in PhjU/, 
Tran/, N**. 406. Sec alfo N°. 119. And Faren^ Geog, gfrnn 
iib.^I. Chap, 16. throughout, 

thereto, 
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thereto, that the artificial Day in one furp^eth 
that in the other by half an Hour. 
, j1. Arc there yet any farther Kinds of Di- 
yifions of the Eardi's Sumce i 

B. Yes, and a very remarkable one too» viz^ 
into the ^ones» called the torrid^ teni^afit^ 
and frigid Zones *, 

ji. Pray what doth the Word Zmi mean ? 

£. It is derived of the Grr^i^ tJvUj ^ Bik^ <ar 

Girdle ; bccaufe they^ being large paraikl P^uts 

of the Earth's Surface, do encompafs the Globo 

' of the Earth, as a Belt doth the Body of a Man. 

A. What is the torrid Ztme^ and why i& \% 
fo called? 

B. In the Map adjoined;^ you may obf^te » 
certain Space on the Earth's Surface, over the 
middle of which paiTeth the Equator,, and vi 
iacluded between t^yo double Parallels^ one to« 
wards the Norths da^lod the Tropic c^ Qmcer^^ 
and the other Southward^ called the Tropic of 
Capricorn ; over all this Space, from the North 
to the Souths you may ohferve the Line called 
the Ecliptic^ or the Sun's Path^ doth pafe ; ati^ 
confequently doth at fome Time of the Year or 

• Firgi/^ni 0<x;iV have bodi gJven a very Beautiful ftefcfSf- 
donof tkeZ^m; 0/ which the latliBr, inEngH/i^ MtMasr 

And as two equal Zones on either Side, 
On left and right the flieafurM Heav*ns divi^*: 
While the fifth rages with iiitenfer Heat; 
So the fame Lines the parted Globe compleat i, 
Exceffive Heats poi&fs the midmoft Place, 
. A fady adafty inhabitable Space : 
Oti two, eternal Hills of Snow are feen. 
And two indulgent Heav'n has plac'd between^ 
Whpfe Climes a "Sue proportioned Mixture hold. 
Tempered with e^ual Farta of Heai and C^U* • ' 

^ '■' othct 
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other pafs twice over every Part thereof^ and 
by its perpendiculiar Rays dotfa greatly heat and 
fcorch it s and from its being thus torrified hj 
the Sun's exceifive Heat, it is called the torrid 
ZMef 

j4. Which do you catt the temperate Z^hc? 

B. Thefe are two Trads lying next the toirid 
Zan&y ond on the Norti^ the other on thciSi^i^ 
each bounded by^ or cpfiilaiiied within the Tr6-« 
|UG6 and pokr Gifcks, a& are f)lainfy difcernedf 
in the Map ; tliey are oftled temperate^ becauio 
the Sun n^ver ptcflelh o^er any JPiuit^of dtmtj but 
ihining oUique otk them, m'aketbthem to have 
always a modeirale Degree of Heat and Cold, 

ji. And where do you place the Jrigid Zones f 

Bs They toe dK>ft two TraSs of the Earth V 
Surface contained within the fchr CirclW^ 
J^ortbwafd and Southward^ as ywi fee in the 
Mip ; €rftT the Center of eitch of thefe is the 
Pole ; the Sun being at a great Diftance fron», 
theft) and abfenl ib bftg hem feveral Parts 
thereof) together with the great Obliquity of 
hit Rays when prefefit, cau&th prodigious 
Cold contimiiUy over alt thofe Parts i and they 
ue therefore called the frigid Zones. 

A, Plei^ to let ffie dnderftand the Rea^ 
of the different D^rees bf H(fat add Qold^ m 
any one Place through thcf Year.; 

JS. This will be betttr apprehended if wt 
firft difcoutft a little of the various Seaibfts^ and 
their Caufes^ in which ^ Differences of H^at 
and Cold are found ; and &rft, if you plea£s, 
we will enquire the Reafon of the differeiit 
Lei^hdfBayskndKi|^t«> , 

^/That 
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A. That will be very acceptable to me : for' 
I muft confefs to my Shame, though I have 
lived fo tnany thoufand Days and Nights, I 
could never yet tell why one was longer or ihorter 
than another; be pleafed therefore to make the * 
Matter evident, it poilible, by a Scheme. 

B\ Yes, I will warrant it is poflible ; caft your 
Eyes therefore on JRfg-. XXXI. on Plate XXL* 
fronting Page 234, and* view well the Situation -^ 
of the Globe ; it is there in its proper Pofition 
for London, wLich you fee in the Zenith at I, 
whofe HorizQn is the Line HO, all under 
which to us is'*dark, and all above it light. 

A. Very good,' fo far I can follow you ; praj^ * 
go on* 

B. Then next you muft conceive the great 
Circle OPQjo be the Meridian of London, on 
which the Sun comes every Day at Noon, and 
eveiy Night at Midnight, on fome Part of it >|, 
or other. - *^ " 

A\ But, pray, why do you fay on fome Part 
or other? 

B. Becaufe the Sun is never prepifely pn the \ 
Meridian in the fame Place two Days together ; 
but every Day declines from, or approaches 
nearer to, the equino3ial Line -^CX which fur- 
rounds the Earth in the Middle. 

A. Pray how far does the Sun decline fronts ' 
the EquinoSiial at moft ? 

B. The Sun from March 1 1, to June 1 1, de- 
clines from & to T, which is 23^ 30', or 1633^ ' 
JS/jrg-^/Z^ Miles on the Earth's Surface 5 then from 
yune I li to Sept. 1 5, it returns again from T to 
the EquinoSiial M, from which it paflcth to V, - 

whera 
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where it is found about Decehiher i o j and 
theijcc returns again to^ by March 10. 

A. Then I fee the Sun is neareft London at 
T, at a mean DiiVancein^, and far^eftof alt 
from us at V, 

B. Yes, it ii Sun in the 
Meridian at th , T, ^, V • 
then, becaufe Day once 
round its Axis [1 of thofe . 
Places will d of which* , 
viz. the mtdd le Equimc-^ 
tial'vdzXii am and VW; 
will be paralle le, and are 
the Tropics of Cancer and Q^iconi : Do you 
underftand me. Sir f ' 

A. Yes, pretty well ; you meaii thait ths 
three Lines, TR, ^, VW, reprefentthe Path 
of the Sun from Noon in T, iE, V, to Mid-^ 
night in R, Q^W, on "June 10, March 10 , 
and December 10, do you not? 

B. Yes, you take me very right ; now it is 
. obvious, when the Sun has pafied half Way 

from Noon to Midnight, it will be found In 
the Line FD, (the fame here as the Earth's 
Axis) in the Points G, Y, M, and that then it 
is 6a-Clock; alfo, when it touches the Hori- 
zon in X Y Z, it there fetteth from our Slghti 
and confequeniiy terminateth the Day^ and &e^ 
ginneib the Night, on thefe t}ays. ' 

A. Very well Sir^ I believe I fee your Con- 
clufions already. 

B. Indeed, Sir^ they are very evident : For^ 
I. Suppofe the Sun in JE the Equinoftial, thea 
it is apparent, that it will on thefe Days, viz. 

? March 



iii6 TitVHitbsofiiitiAt GHAiiiiKAit. 
ifarch 10, ana Sffl.ii, he id 'flic 'mtiztSa IT 
precifely at 6 a--Cldck j , dnd thirefbre his ^ath 
fcjr Day Ay, will be jiift equal to the fame -by 
Night VQ. 2. Sujipdfe the Stm at T, as oh 
June lOi tlicn it is at 6 a-CIock 'in G above 
ftit I Way ) Bit K AefceAds the 

Hbri fheftfoiie the daily Arc)^ 

TX :c Arth by iNight X R, lr|f 

«hc 1 3. So^fe the SUh ill 

■ V, tl Irth VZ is Juft is laog as 

the t ik betee, :*hd khe ndc- 

turna Icie the feme Length with 

flie dliirnil Arch TX, iii (he 'fcKegoing Cafe: 
Do yoa uriderftand 'me hitherto ? 

^. Yes, I believe I do: As (he Suitdttllneth 
ftbm M to T, alldtack '4taln, IhcLthgth of 
Cays exceeds Ihe LeA^th ofNighls, in asirtnch 
as it Wiuft pafs (briie Klftfthce feytSld the 6 
■iClobk Line^GY, hefore it'cari "ctJtoe to the 
Horizon ; and dn the'Con'trdry, 'while it Is be- 
iwefen JE alid V, It meets with 'the Hofiion 
fcefore Itcofiies (to the 6a--Clbck YM, ihi 
iherefbre fhe Di^s ire fhcirief than 'the Nights, 
by juft fo kneh as the Nights are Ihbrtet than 
iheDays in the tklier Gkfe v this is^vhat you 
inean, is it licit ? 

S. YSs, the Wty (Sfae : 1 hivt oiily this to 
obfeve, that (h» Sarther yoh go ''Noribislifi, 
the greater is me Diffet-^Hfce er Ihcqilality t^ 
Days and Nights, and'the cohtt-arV. 

ji. That I illb perceive plainly frdBl the Fii 
gure; for the oearter Ht3 inclines 'to J^^ the 
greater will be TX, aiid the itfler V!^ or tht. 
greater Will be GX, bt MZ, the. Olffiitsnee of 



Day Jm4 Night ; But, pray, what it^eans that ob- 
fcure i*art of the Nigjfit^ ccxnprehcndtd he-' 
4 ween HOAB, which is neither dark oor light ^ 

B. it is the Crepufhfilum^ or what we call the 
ITwili^, the Line AB fteili^ 1 8 Degtees be- 
low the Horizon HO, and during the Time 
the Sun paileth frofri HO, to AB, in thePa*^ 
tallcl of any Day, his Rays are partly ripfraft- 
cd by the Atmofphere : aod fowe havefapi^ 
faint Light 'till he gets below the Limit ^B, 
|ve are left in total Darkflefs. 

A. I underftand you mean, it is7w/%A/ whiLp 
the 6un p afletb from X to R, from Y to S, and 
from Z to M, on the Day the Sun defcribes the 
Parallels TR, MQi, and V W j do you not ? 

J5* Yes, I do ; and hence, at London you ra^ 
pbferve, that when the Sun is in T, tnat is^ ifl 
the Tropic of Cancer^ there is no dark Night 
»t all y for the Parallel of tj^at Day T R doth 
ixot tpuph AB, nor will it for about aMpnth 
^efore and after 3 that is^ from May ij, tp 
Jiufy }Oy there is no dark Night. ' 

!A. Pray, when doth the fhortefl Twili^ki 
happen in all the Year ? 

B^ Pn OSipber 1 , and February 1 9 j for thea 
the Sun disfcribes .the Parallel, whc^e Diftanc;;^ 
fo is the leaft, between HO, 4nd AB, of any 
Other whatfoever *. 

A. Well, fi/r, I thank you for your Labours tp 
reaify.my Nptipns c^Pay^ JN'igbt^ Tw//r^l6?, &e. 
pf which, tho* they are copumon Thiqgs, ye^, 

JP a I never 
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I never had a "good Notion befoft now: Nor 
do I yet well conceive the Reafon and Manner 
of the, various Cbtmges ima Viciffitudes of the Sea^ 
Jons which happen through tjj^e Year ; and, if 
you could reprefent this to trie |n a Figure, I 
^ ihould be greatly obliged to you, 

J5. I have contrived a Scheme for that very 
Purpofe (Fig.lf^yi. on P/^^ XIX. . Jfirog|«§ 
p. 228.^ which pleafe only to view very K:e-* 
fully, and you will fee therein a natural Ue-^ 
jprefentation of a whole Tear. * ' 

A. Siry I qbferve it with all Diligence, and 
fee feveral Things therein very remarkable : 
But yet, I beg you would pleafe to point them 
but in the natural Order, in which they fhould 
be confidered, that I may the better apprehend 
the Dcfign of the whole. 

B. That' I vv^ill 5 ^xAJirfi^ you obferve in the 
Center of the Scheme is placed the Sun S, about 
which, at a great Diflance is the circular Orbit 
of thq Earth, called the Zodiac^ divided into its 
12 Sijgns, viT^. V, «, n, C5, a,, mtf ^^ (Sc in 
,which you fee the Earth in 4 feveral Fofitioris ; 
ihtjir/iin Artes r 5 xhtfecondm Career ss ; the 
third in Libra ^ y -the. fourth in Capricorn Vfl 
within this there is a dotted Circle of Months^ 
fbewing the Time of Tear when the Earth is in 
any Part oFher OAit : Now with regard to the 
Earth itfolf) you fee its Pofition every where is 
fomewhat inclined to the Plane of her Orbit j 
that is, the Earth's Axis NS doth hot ftand per- 
pendicular to the Flane of her MotioriyXM (whicK 
is the fame) is not pairallel to the Ams: of the 
faid Plane^ but maketh an Angle therewith equal 
to the ^ngle made by the Interfcftion of N S 

with 
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with AK ; for this AK you fee is always a Dia- 
meter of that Circle which boundeth Light and 
Darknefs on the Earth's Surface, and is every 
where perpendicular to the Plane of the Earth's 
Motion, or Plane. 

Now the El every 

where parall NrA 

inthe^^,a in the 

thirdy and 1 of the 

Earth; are : fo are 

equal in ev< s Orb. , 

The Quanti liquity 

of the Eart 3 Mi- 

nutes, equa! }w it is 

evident, tha Incli- 

nation of th h Parts 

of the Eartl mU be 

fometimes t farther 

off, and foi jqually 

diftant from the Sun 3 and from hence we ihall 
fee the Reafon of, and how the Seafons are 
all produced. For, 1. In the firfi Pofition of 
the Earth m. Aries V, about the 12th of 
September^ and in the third Pofition in Lab'ray 
in March the i oth, it is evident the Sun doth 
there enlighten the ^arth from Pole to Pole, 
or the Circle bounding Light and Shadow doth 
then paifs through the Poles, and conlequent- 
\y at £qual Di^ances from the Equator M Q 
(in which the Sun then appears) the. Sun's 
Heat will be eqiial on both Sides ; and thus 
an Equality of Days and Nights, joined with 
a mean Proportion of Heat, conftitiite thofe 
two Seafons of the Year, we call Spring and , 
Autamn. 2. Again, in the fourth Pofition 
P 3 of 
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of the Earth in Hf, about the loth' of "^tme^ 
when the 5un Will appear in the oppofif e Sign 
Cancer <», it is plain the North Pole N^ and! 
all the Parts about it to the Diftance of A, 
will \k fituated neai^er towards the Sun thaa 
before; and all the j^'w/A .Parts removed faF* 
thcr from the perpcniJicular Ray« thereof. The 
perpendicular Rays of the SUh here fall oh R, 
whicih is diftant from the Equator Q^Nortb^ 
nvard 23^ 30'^ and therefore all Placfcs io 
JV^r/j& Latitude^ receiving the Sun*s Rays nearer ^ 

their Ferttx^ or ^ Zenitby y^ill find a greatw 
Degree of Heat, and a longer Continuimce of 
his Lidit by Day, and tnerefore have now 
their bummer ^ as at London, while all the 
Inhabitants of Southern Latitude have their 
Winter, 3 . Lajlly^ in the fecond Pofition of 
the Earth in sa^ the Sun will feem in Cafirtcorn 
V ; It is manifeift the North Parts wiM here he 
in Darkne&, and have ' their Winter^ as thw 
in South Latitude had theirs, in the taft ]Po&- t 

tjon I that is, by being renioved farther froili 
the Perpendicularity of the Sun*$ Rays | and 
under the Obliquity of the Sun*s Rays the Heat 
is diilftinilhed, and alfo the Duration oif hTs 
Light by Dfily 5 vsrhich together mull caufe 
Winter in all the N/irtbefn Latitudes. I hope 
you have underllood vtiit through this loii^ 
Harangue., 

Ji. IndiffibitritTy I have 5 and can ftiiUy {6ei 
ftbfti this Scheme &e|leafon why we iteuft Jxavc 
thofe Viciifitudes of ^ea!onS^ 4ks you jhavc ek- 
bfeined it: Butt reaDy thou^t Summer hiad 
pech occafibncd by the ^'n^is tcihg Ve?y iiesr 



tDiJifftfei ofthfi^um Ifi ^mmn and^ Winter. 23 1 

i|?, a#d tj>? H<^nf€r hy.hk gping fartfeer from 
*is, 'till I i^ yoi^ a^ign p^r ^l^aib^s for ijt. 

Ms Ay#, th?j; is ih^ gswa-al Miftak^ of conir 
fagg Peqplf, th^ tljlqlg th§ §sn is really 
l^e^iBf in ^mK ftn4 farAcf ^ iq WinUr ; 
jy^^ tfee Truth is juft ^e confiraiy, :(br tbs 
Sun is m.«eh ijc?u-cf #» tbc /?7«/j^ ^ ew ^{^ 
Jtb^n i$ is ia the Stimm^- 

A, Tfew is %fi^^nge ?ar^dgi(^ ifldee4j p;^»y 
JiQ^ 4a yon ipi^fs if. o\if ? 

^ Nothing i§ mof^ gafily PFQV^e4 i for Ipplf 

»P# ycju «r.ill |be t.^ gartjj's Qrb i^ p/pf. ^ QWiJf, 

byf ^ Q^^U wJjftfg l«ing?i Pia0i?ter M « s ^> 

fft wl^jclj ti^ %i IS} hut njsph pfarcr », la 

-i^, I BfidfiTjIiJB^ yow wy wpjl, /S^y, yoj^ 
f^eiis ^ P^a^P? SP, i§ l?f^ ?hga th? Diftancc 
SJl; ^r^l^ I M fJpt fep^^ fibfej-v^ Jn4ee4 
lH^QMgb J q»igl>(, for it is <|J)yiou.s jnoijgh. 

^. It k r,^* I fee y«u ag^rehf n<| ^ well ; 
»ti4 ^^(efoire y»tf s?i^l gjfp ^^Qsx4 t^at d^ 
iS«/««r l^alf y^v if few^lvat longer tjbji? thp 
Winter Mf Ve^ ? ^1 \h ^^ P*rt of th(p 

«th'§ ©r^ jftW"*, lis ffi^gtpr th^o the Gt% 
W 9^^t 9.M ^fl$P^ PWe Ti9»e will h^ 
R^fifte tQ pafs t^ <te»W W^^ 7®?? Jthan ,th^ 
Whfen Ijy 9l?«?t 8 f^ys ji fixd henee alfo, the 
%n ^ijil fe?is tp move fet^wil^t ^ower in ^e 

tion c/ tneie fatten, 4ee my Tar^e P/Ji^» entided, Srtaopsi^ 
ScijENTijE fToELESTis, OT T hi Knowk^e of the HEAVENS 

P 4 ^. All 
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A. All diefe Things evidently follow indeed; 
5/r, from the Corifideration of the Earth*s Orbit' 
■being an Ellipfis : But I am not fully fatisficd 
about the* Sun's Heat being fo weak and faint 
in the Winter^ when the Sun is really nearefl 
to us I and fo very ftrong and intenfe when the 
Sun is really farther by much from us. 

J5, You will fopn fee the Reafon of that when 
you confider : i . That it is not the Rays which 
fall on us, but thofe which are refledcd back. - t^. 
from the Earth's Surface, that chiefly heat us. 
2. That thofe which fall on us moft diredlly, 
or neareft to the Perpendicular, are the moft in 
Quantity, and a6l on us with the grcateft Force : 
Thus, in Fig. XXXIl. on Plate XXL fronting 
Page 234. the Rays of the Sun, on the longeft 
Day of Summer^ fall on London, under the An* 
glc TLO, in Springy or AutumnyUnAtx the An- 
gle ^LO, 'and in the midft of Winter ^ under 
the Angle VLO, and the Quantity of tliofe An-. "^ 

gles are refpedively 65^, 38^ 30' 15^ 5 where- 
fore the Force of the Sun's Rays, in each of 
thofe Cafes, fhall be proportioned to the Sines 
of thofe Angles, which are, as 88294, 62251,, 
and 2 588 1 i that is, i o, 7 -rS, 3, nearly, fbr thofe 
Numbers are in Projportion to the Sines TAj^ 
^B^ and V C, of the aforefaid Angles : The 
Qu2[ntity of the Rays alfo falling on the fame 
Extent of Surface is greater or fmaller, as their 
Obliquity is leffer or greater, and fo the Ihten-r 
(ity of Heat is greater and fmaller 5 and there^ 
fore the Sun's, Heat in Winter nauft be wealc-e 
pft, becaufe then the Siin's Rays'fall moft 6h^ 
liquely onus. Befides, 3. That Rays of th^ 
Sun pafs through a much greater Pvt of- the 
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Atmojpbere in the Winter than in Summer (as 
is evident from viewing the fame in the fecond 
and fourth Pqfition of the Earth in the Scheme) 
^nd therefore muft be, whep arrived to us at 
, more weak and faint in the firft than in the 
latter Cafe* • A,Sir^ 

*' The Kambers above, wz. lo, yh 3» A^ew the comparative 
Intenfity of Heat of the Sun's Rays, under the fcveral Altitudei 
^O, ^O, and VO, limply, or in themfelves confider*d ; but if 
We would know what Proportion all the Beat of one ^wboJe Dzy 
bears to all the Heat of any other ^ it is a Problem of another fort, 
. .2, This Propprtion is exprefs'd by the Area's of two Figurei 
ABC and DEF (in fig. LXI. on Plate XX. fronting/. 233.) the 
Bafes of which AB and D£, are the Times of the Sun's Contino« 
ance above the Horizon, and the Perpendiculars erefled thereon^ 
9nd conneded by the' Curves ACB and DFE, are Times of his 
feveral Altitudes for the given Days ; that is, the Heat of one 
Day is to the Heat of the other as the Sum of all the Sines of the 
Sun'^ Altitflde on the firft Day, is to the Sum of all the Sun's Al- 
titudes on the other. 

3 . But to exprefs this more readily for any Day, the incompa- 
rable Dr. HalUy has invented a general Rule or Canon which he 
has given with its Demonftration in PhilofipL Tranf N^ 203* 
which, as being of great Curioiity and Importance^ I (hall heic 
explain and exemplify. 

4^ The Rule is : Multiply the Snm of the Sinks of the Men- 
dian Altitudes in any two oppofite Parallels into the Sine of the 
Semidiurnal Arch ; alfo multiply their Difference into the fame 
Sine ;' the Sum of thefe two Produds for the Summer, or their 
Difference for the Winter, is as the Sum of all the Sines of the 
Sun's Altitude, or as the Heat of the Day propofed. 

5. For Example : Let the Proportion of Heat be fought for 
the lOth of June and December, when the Sun is in the Tropici 
:of Cancir and Capficomt for the Lat. of 5 1 ^ 32^ Then . 

Nat. S|Y|es 

The Sun -in Cancer, Mcr. Altitude is TO=6i *> 58'=«,88267%;, 

TJie Sun in Capricorn, Mer. Altitude VO==i4« S^'— iii^^ 

The Sum of thefe Sine« is — — i , 1 4093 1 

rjTheir'Difference is ■ -— 0,624417 

The Mot* from 1 2 to 6 is 90^ oo'=T<af 

The Afcen. DifF. is then 33^ ii'«GX 

Tic Suin is the Semidiur. Arch } , ^ ^ ♦ , . / ty T 

for the Summer Day y^^ """^^l. Siae, 

JTic DifF. is the Scmidi. Arch 5 ^go j.q»3,v2 1 ^'^^^^'^ 



f/fn tl^e Winter Day 



Again 
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A. Sir^ you need fay pp. more ; I am (uffi- 
iienjtly coovinced ^ere is abundant R^eai^ % 

the 
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Tm Cbscaaif«MaGe of flic Cude vffl be=9 
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6,283185 



Andlhe Meafore of the Sommer Arch 123^.1 t'ess^i^^o 
And the Mfafufe of the Winter Arch 56? 49'»»o,99io ^ 
^. Hltving lh99 prepar*d the Nambers* then according to the 
|t«le« die Prpdiii^ of 1,140931 bj 0,836923 added to t>e Pror 
dua of 0,6344.17 by i,r49955 is equal to 2,2^734; vWch w- 
preffee the Heat oftheSoinmer*8 Day. In like manner, i,i|P9^( 
I^o»$36929 f|4>tr^ed foom 0,624417 by 0,991683^ leaves, 
^,33895 for the Heat of the Winter*! Day. But theie two Norn- 
Ikxs 2,^0734 ^d 0,33895 are to e^ch other vjery 9^rly ip (he 
Rjldo of 7 to 1 9 which (hews that the Quantity of Hfsat on ^u^ 
the lotb is 7 Tw^s greater th^n that onDecmiit*^ i oth, a}l oth^ 

(^ir^ttmft^BCcs hiding alike. 

7* According to ^s Rale Pr. s^in^s P^ 
mU h^ <9inpH^ the He?it of |clinatiQn 
the Svn for every five Degrees of 
its Declination North and ^^jv/^^, at 
the l<a|itude of j I ^ pQ' ^ ia the 
TMfi k^^ 9dijoifli.ed. 
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p.6cogi 

•.4vP9J§ 
379^9 
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J« Dr. BoHtjf did alfo fiom 
lUi ftnle csdcalat* the anaexed 
TaUe, Ihewing the Diegree or 
Quantiiy oi Heatt u tiwvy 10 
i>egiiees «f Latitude for ;die E- 
qmnodiai and ?«^W Smu both 
SttiDiMr and Winter; kiom. 
wiKAce alfo anr Eftiiaate jaay 
}>e made for th« im^rxaediate 
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9. From thefe two Tables Dr. JSr/^ has well obferv^d ^ Ad- 
vantages arifipg fn^n |:he pre^nt oh£fue Co^rfi of the ^un ki the 
Ecliptic, abgve what could fasiye hepii enjpyM had ^e £ar^had 
a rigfy^ PcMotft or th^ ^ ^owd contin^^ in the Equino^ial 

l*^p 9$ Ph Burmt, and fonje ofheir nemjfs, iire^ead it dM. 

10. for 



^, 



* 
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the Differences of Light and Heat, and all the 
Variety of Seafons through the Year, though I 
never iMs fo l^p|>y as to imderftaiid k before^ 
We wiU now prdceed to difcomfe of the inter- 
Ml Sabftance of the Ghbt^ if y(» (deafe ; for 
I have feireral Matters of ^eat Importance to 
enquire of yoa about, relating t6 its Conftitu^ 
tion^ l^exture^ and various confiitueni Parts. 

B. Sir^ none will more gladly take the Plea* 
fure to reiolve you, accordii^ to the Jtsdg- 
meots of the beix Philofophers of the Age than 
your humble Servant ; Pray therefore make a 
Beginnings 

10. For from tbr firft fable it ib evident, tifaye $thtt or M^ 
Hgdtt, wMdi the Eardi receives 4s Lat. 51 « M. wiiile tbe a«a 4k* 
^ribrs tof tmo 0|>peAte Fartftd^^ is g^eMer thMi cbe Heat of 
two £qninodial Oajrj there } for Bxtmple* lh( fJeac of the Sua 
20th Degree of Nortli DecUnajUon is 2,13919, afed in the 20CI1 
Degree of Sokitb DedHUtfioti, it Is 0,41691 6» she Sem of botk 
thefe, {s a>6o83f, wbidi is ^^eaiier tbam $$1728^ the dooJUe of 
the Heat of an Eqainodial Day 1,25864. And by ibfi fepond 
TaUe, it appears ell Laritifdes lieyottA 45 Degpees enjoy thia 
Bsnefit, W ttuy ekise need it. 

J I.. Again, the iaioe GentlejsM piipyes tlM tbe TprnJZom, 
9nd to near 4^ Degrees in the temperate Zones, the Heat of 
tbeSan UitftmAt f)cef<vM Ceft ehan it wettU bay^tmnki A* 
diker. Tkes die Sen's Heat Ufvibv^ toJi the Tr^Bfkti^ m thai* 
. end^r 4ie Eqtuu^r, is twice the Nnmlier 1834J, <i;/s. 366324 
bdtthe Heat of two E^oineAial Di^ 4s 4eee»» erliich «s a gsept 
ical«iere A>n the edMr, aodlaherefiMe^he ptefeeit PeA|ien#f 
tlie Secth Ss napft ccmvenient for th<un^ an4 confeqnently for eH 
Ae People of the lEarfh^ «nd psove^ it to 1)e that which it iak 
lectfived ^m the Mauds of ks^^v^Ansatr. See fir. jKiniiPe 
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C H A P. n. 

Geography, or /i5^ Philosophy ig/^^ifo Con- 
stitution, Textu.re, and conjlituent 
Parts of the ^ Earth, defcribing the various » 
Strata's 5/I Earths, Fossils, Minje- 
RALS, Metals, Stones, and other fubter-^ 
raneotis SvBSTAHcEs. 

ji.T^RAYy v/hzt is the internal Make and 

j7 Conftitution of the Globe of our Earth ? 

B. The Earth generally fpeaking is confti- ^ 
tuted of the two Subftances of Earth and 
Wafer I the Watery, as the lighter Part poflef- 
^ng the .greatef^l. Part. of. its. Superficies; and 
the Earth being the heavier Body, making up 
the internal Compoiition y about which it is, I 
prelume, you here folely enquire *. 

A* Yes, what I would know is, of what the 
internal folid Body of the £/7r/i& doth confift ? 

J$. To this I can only anfwer, that fo far as 
it is within our Scrutiny near the Superficies, we 
find it to confift of different Strata^ or Layers ^ 
oi Earths y Minerals ^ MitalsyOres^ Stones, and 
various other compound Bodies both hard and 
ibft : But what the more internal Parts, or Com- 
pofition of it may be, we can tell but very little :• 
However the deeper you go, the folider and 
more compa£t you find its Matter to be, and 
the more firmly and ftrongly docs it cohere to-^ 
gether 5 yet it is very certain that within tnc 
Entrails of the Earth are many Caverns, Re- 
cefi&. Windings, Conveyance^ and vaft Reccp- 

* See a noble Defcription of the &rft Formation of the Eartb ' . 
and the Heavens^from their Chaotic State, in Ovid's Princtp. Me* 
tamorph. Lib. I. and MV/^ir's Paradife Loft, Book III. ver. 709 $ 
and Book VIL ven 216. to the End. 

9 taclcs 
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tacles of Water, fulphurems Sub/iances^ &c.^ 
which are ofteq the Caufe of Earthquakes ^^ and 
fupply Vulcanoes with their fiery Eruptions, ^as 
Mount Mtna^ &c +. 
I A. What do you fuppofe to be in the very - 

Middle of the Earth $ that is, in. and about its 
Center^ ' 

' ' J5. Nobody can certainly tell ; the Earthed 
Center is near 4000 Miles from us, ^ and we can 
, penetrate towards it but a few Fatthoms ; how 
very unlikely then is it, we fhould know 
any Thing at fuch a vaft and impervious 

f Sir IfaaCi mentioning feveral Experiments made with com- 

.buftible and exploiive Sabltances, fays;-- — *< By thefe Experi- 

*' ments compared with the great Quantity of ^«//i&»r with whicfar 

' ^ f^ the l^arth abounds, and the Warmth of the interior Parts of 

*' the Earth, and hot Springs^ and burning Mountains^ aitd with 

*' Damps, mineral Coru/cattonSf Earthquakes, hot fujfocating 

I ^ ** Exhalations, Hurricanes said. Sf outs; we may learn that ;^« 

<* phstreous Steams abound in the Bowels of the Earth, and fer- 
*< ment With Minerals, and fometimes take Fire with a fudden 
Cort^atfon and Explofion, and if pent up in fabterraneous Ca- 
verns burft the Caverns with a great Shaking of the Earth, as 
*« in fpringing of a Mine. And then the Vapour generated by 
<< Explofion, expiring thro* the Pores of the Earth, feels hot and 
** fuffocateSi and makes Tempers and Hurricanes , and fometimes 
** caufes the. Land to Jlide^ or the Sea to boily and carries up the 
<* Water thereof ii^ Drops which by their Weight fall down 
** again in Spouts, • Alfo iomt fulphureous Steams, zt all Times 
** when the Earth is dry, afcending into the Air, ferment there 
'* with nitrous J^cids^ and, fometimes taking FzVf, ckate Lightning 
** and Thunder, and otAkci/ety Meteors,"*^ Optics, Book ,111. 
Query %i. 

See feveral furprifing Accounts^^ of Water -Spouts in the Medi* 
terranean in Philo/. Tranf. N^ 277. Two in Yorkfnrey N« 281, 
"284* One in Lancajhire, N^ 363. 'Another in the Downs, 
N^ 270. That the Reader might have fome {dea of thefe 
Sponb 1 have here given the Fijgwre of one, Fig, LXII. on « 
Plate XX. fronting/. 233. where AB is the Cloud whence .pro- 
ceeds the curv'd black Spout C. D is the Water of the Sea, 
which at the Spouting of the ClQ^d boils up, and rifes in the 
Form of a folid Pillar to meet the Spout. GG is the Water of 
the Pillar or Column D, icattered round about the fame like 
Smoak or tbe Falling of a Jette d'eau. £F is the Surface of the Sea. 

Diftance ? 
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Didarlce ? However^ the ledrded Dr. HalUy h^ 
made k vtry proba^lej that a great magnetic 
Body or LoaJ^Stone^ doth ppflefs the cenb'al 
Parts of the £tfr/i& | which occa&oneth the F^<- 
riatims and Tkclinatkns of cur malefic J^^ 
dUs^ which always conform themfeives to the 
Site afid Dire^on of this central Mi^net^ or 
tiOaJ-Stone ; which is luppofed to deviate from 
the North and South Points, and from the hp- 
rizontal Pofition^ with refpeft. to us ^. 

ji. rf that be &>, it is very wo.ndcrfal, and a 
noble Difcovery : But, pray, what is it binds 
the ievecal Parts of the Earthy or makes lix&sn 
cohere fo dofely together ? 

B. The Coherence of the Earth is entirely 
owing to the Power of Gravity, or the Wekhc 
of its conftittient Pacts j -whence, as 1 bcfor6 
iaid, it is reaibnable to betieve the SQoft weighs 

and folid Bodies lie neafeft «he Center of the 
;^rfi&, .as being the Centre of Gravity jytfelf. ', 

jS. Well jthen^ £uic6 the move kitetuof Piurts of 
the Earth arc fo little known, we le^ve them^, 
god content our&lves with wW is to k^ kfu^mn 
iTcar the Superficies of it on which we lfe^> 
iindi pray, what do^ you fifft obferve thereof? 

B. That it does confiil of Bodies of a.hc'^ 
terogeneous or different Nature Jntermixed 
with one another of different fpecific Ocavir 
tics, difpofed in Manner of Bedsy whieh we 
called SttAta,^ o( Lasers o^Martb^ Stmes,M^ 
nera/s^ &c. one under anothpr* 

^ See a large DiflertatiDn on t&is'Siri^jeft, and tht wlfote 
Theory of the Mngm^icai P'arintims bf the Hetdle^ by the faid 
Icafncd Dr; HiiUty, in Philof.^ranf, N'^ 14^ and IQ5, tut thi 
fiu&e tiiinfcribed intoHum'/i Lemtwr^xiii^'Ad^x^ f^aritifha, 

* ji. Pray 
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\^. Pray ih what Order do thefc Straff, <wr 
Beds^of Earthy &c. lie among themfelves? 

B. That they do not lie in Orckr of their 
fpecific Gravities, is evident :{and ib not ^ytiy 
where alike) from the Order of thole obferve4 
in digging a Well at Amfierdam 232 Feet deep ; 
which was thus, 7 Feet of Garden Mould ; 

of Twf, or Peat J 9 of foft Clay; 8 oi" 
land ; 4 of Earth ; 10 of Clay ; 4 of Farth; 
1 o of paving Sand ; 2 of Clay ; 4 of white 
Loam ; 5 of dry Earth ; i of muddy Earth ^ 
14 of Sand ; 3 of a Sandy Clay j 5 of Sand^ • 
mixed with Clay ; 4 of Sea-6a^d mixed with 
Shells; then 102 of Clay together; and /|/?/(r^ 
3 1 of Loam : Thus, you fee the different IVlake ' 
of the cJutward Parts of the Earth, which i$ 
very different in different Places *. 

^. Pray how came the t)ifpofition of tho^ 
various Strata^ or Beds of Earth and Minerals ? 

B. This is not known as to the Time ; ibme 
fay at the Creation, others at the Flood % 
others fuppofed^ that in the chaotic State of thQ 
Earth the heavier Bodies fubfided, and lay in 
this Order by the Laws of Gravitation; but 
Experience rather contradu^ than axifirlhs 
this Hypothecs. 

ji^ What DifHndion, or Diviiion> do you 
make of earthy Subdancesor Bodies ? 

B. They may be reduced to thofe igeneral 
Heads; i. Earths. 2. Ores. %.roJfils. ^.-Mi^ 

* Sec Famn.'Gtf^, Ucncf^ Tlib^ t. Ch. 7. Wop. 7. Alfe 
tcad l>r. JhothjLWtPt ^%x^^ Tttebjy t>f the featth ; ind Dr. 
JtfMhu&i'i BxamlfMon therfof» andhhCofflpanfen dif-I^r* 
9F9$dwar^s and Sum's HypoCbcfes^ whick is w«ll wortk thft 
lteader*s perufing. 

neraJsi 
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nerals. 5. Metals. 6. Stones. 7. Extraneous 
Bodies or Subftances. 

ji. What do you include under the firft ge« 
neral Head of Earths ? 

B. All thofe-f^ter earthy Subftances we call 
Clayy Loaniy Marl, San J, and difterent Species 
of Earthsy as Terra^Japonica^ Lemnia, Arme^ 
nia, &c. 

A. Pray what do you think to be the Cauie 
of thofe Differences of earthy Subftances now 
mentioned ? 

B. The Reafon why they are differently hard, 
foft, coloured^ qualified, &c. arifeth from difl^ 
rent Degrees of the univerfal and fpecific Pro- 
perties of the original conftituent Particles of 
Matter, which each different Species poftefleth 
in a different Meafure ; and this is the moft 
that can be known of this Matter. 

'A. What do you include under the fecond 
Head of Ores ? 

B. Thofe Earths which contain confiderabic 
Quantities of metallic Particles ; being that 
which is (Jug out of Mines, and whence Me* 
tals are extradted, and is denominated accord* 
ingly,* zs' Gold-Ore y Siher-Ore, &c, 

A. How came the Earth to be enriched with 
the Seeds of thofe metallic Subftances ? 

jB. No doubt by the all- wife Creator for the 
manifbld Ufes of Mankind • 

A. What terreftrial Bodies do you intend by 
Toffils? • ' * 

B. Though i%^/i be a general Name for' 
every Things which is dug out of the Earth j 

.yet I here intend thereby, i. Salts^ 2. Sulphurs^ 

and 
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atid fuch like Bodies, which cannot be fo well 
reduced to the Heads of Minerals^ MetaU^ and 
Btones *f*. 

A^ What is the Nature of 5tf//, and the 
Kinds of it ^ 

B. Sak (faith Monf. Lemery) is a fixed in-* 
€ombu{lible Subftance> that gives Bodies their 
Confidence, and preferves them from Corrup-^ 
tion, and renders Bodies favoury more or \tU as 
it is divq-fly mixed in them ; there are various 
Kinds of SaltSy as fixed, volatile, efiential, and 
fofiii ; and faline SubfianceS) as Alum^ Berate, 
Nitre, Tartar, Vitriol, Sal^ Ammoniac ^. 

A, Pray give me fonie fliort Account of the 
Nature of thefe feveral Kinds of Salts.- 

B. I will, but it muft be very brief #9r want 
of Time., 

y 
N 

^ - -|* The great Boerhaave diibibates Poffils into two Kindsy 

Simple and Compound, 

Simple Foffils are fuch wHofe Parts, howfoever divided, are all 
6f thie fame Nature i that is, of the fame Gravity* Magnitude* 
Figure* Hardnefs, and Mobility ; of thefe he reckons 4 Sorts» 
wix.Metalst Salts, Stones, znd Earths, 

Compound Foffils are thofe which may be divided into different 
or diffimilar Parts* or are of different Figure ^ iVeightt Magnitude^ 
ice. and thefe are, ( t .) All hard Sulphurs^ as Brimfione, Arfenic^ 
OrpimiHt^ Bitumen^ Afphaltum, &c. (2.)* All Uquid Sulphurs^ as 
Tifajphaltum, otJenu\ Pitch, Naptha, Petroleum,, &c. (3.) 5f- 
ndmetals, or Minerals. (4.) Bodies combined out of thepreced* 
ing FojffUs^ either Simple or Compoand. New Method of Chemi/* 
try. Page 54. . 

:|: Dr. ^0^r>&i7/rc;/8 Definition of Salt is this : Salt is aFojm 
Bodf, fufihle by Fire, and tongealahle again, in thi Cold, into hrit* 
tie Glebes or Crjfials ; foluhle fwifhal in Water, fo as to difappear 
therein f ne^er malleahle ; and having fomenuhat in it nvhich to the 
Organ of Tafe affords a Senfation of Acrimony or Sharpnefs, Theor. 
of Chemiilry, Page 105. 

Alfo in Page 113, he faith, the Elements or common Princi- 
ples of Salt* are an acid Spirit, and an infipid Earthy into which 
all are refolable but the Simple Fofliis, as Saltpetre and Borax. 
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I- i^^ Salt, is that which is called Salt 
Gemm, by Rcafon of its Tranfparency, and i» 
altogether like the Salt we ufe with F6od 3 it 
is dug out of the Mountains in many Places^ 
as Rujfia^ Poland^ Cataloma^ P^C^^j ^nd irt 
the Indies. 

2. Fixed Salty is that which remains after 
Calcination, and doth not rife, or is not rarified 
and exhaled by Heat. 

3. Vokfilc Salty is that which eafily rifeth, 
and flieth off in infenfible Steam and Vapour ^ 
fuch are the Salts of Animals. 

4. EJfential Salt^ 'is that which is obtained 
from Plants by Cryftallization 5 and is a natural 
Salt httvJttx\ fixed and volatile. 

jj. j^m^ or RocbAlum, is a very binding 
Salt, found in the Veins of the Earth in many 
Places of Europe ; being tajcen thereout in large 
tranfparent Pieces. 

6. BoraXy a green- coloured naineral Salt, 
found in the Veins of Brafsj Silver, or Geld 
Ore. 

J. Nitre y or Salt^Petre^ is a Salt impreg- 
nated tvith abundance of Spirits out of the Air^ 
which renders it volatile ; it is found among the 
Stones and Earths of old Buildings ;' and is 
fometimes genqrated from Urine falling on 
Stones, &c. It is the $pirit of this Salt that ^ 

kindles the Sulphur into a Flame in Guftpowder^ 
Lightni?tg, &c. 

' 8. Tartar^ is a terreftrious Matter ^ or earthy 
Salty which fticketh to the Side of Veffels be- 
ing feparated from the Liquor by Means of its 
Fermentation y as that mWine Cajks, &c.. 
> . 9^ Vitriol^ 
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9, Vitriol^ is a Fq0^ compounded of an a-^ 
cid Salty znd fulphureous Earth ', there are four 
Sorts of it : i . Bluej found in the Mines of Cop- 
per in Hungary, and J/k of Cyprus. 2. Green ^ . 
found in Germany, Italy, and England. 3. 
White, and 4. Red Vitriol ; this laft was brought 
to us lately out of Germany, and is called natu^ 
ral Colcotbar, or Chalcitis. ^ 

10. SaU Ammoniac, is either natural or ar-* 
tificial 5 the Natural is found in many Parts' of 
Africa, and very hot Places under the torrid 
Zone ; the Artificial is made at Venice^ and di<« 
verfe other Places^ 

A. Pleafe, in the next Place, to tell me what 
Sulphur is, and the Bodies you c^Xfulphureous f 

B. Sulphur, is an inflammable FoJ/il, found in ^ 
many Places in Europe, efpecially in Sicily ; id 
of two Sorts : i . The Greyijh, called ^ick-Sul^ • 
pbur J it is a Sort of Clay, apt to crumble, foft, 
an4 ready to take Fire ; it confifts of an Oil, an. 

^ if cid Salt, ^nd Earth. ,2* Tellow, or common. 

' Sulphur, called Brimjione ; this containeth much 

Oil, an acid ^vitriolic Salt, and but little Earth, 

A. Pray, Sir, what do the Chemi/ts mean by 
that Principle they call Sulphur 3 not Brimjione 
furc, do they ? 

B. No, no : they mean an 0/7, which is 
*alled Sulphur, by Reafon of its Inflammability, 
and is a fweet, fubtile, un6tuous Sabfl:ance, 
which is faid to caufe the Diverfity of Colours 
and Smells, and to give Beauty or Deformity 
to Plants, &c. according to its DifpOfition in 
Bodies. ^ 

Q2 •^. What 
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A, What Bodies do you reckon amongft the 
fulphureous Kind ? 

if, Thcfe following : Arfenic^ Bitumen^ and 
its various Kinds, as Ambergreafe^ Afpbaltos^ 
Naptba^ Amber ; alfo Petroleum is reckoned of 
this Ciafs. 

• At Pray rehearfe me alfo a fliort Account of 
the Nature of thefe Bodies. 

B. I defign it ; which take as follows : 

1. Arfenic is a foilil Subftance,* confifting 
of much Sulphur^ and fome cauftic Salts ; it i$ 
of three Sorts, the white, or proper Arfenic ; 
the yellow, called Auripigmentum i and the red,' 
called Sandaracba. 

2. Bitumen^ is a Kind of Pitch, or flimy. 
Clay J it is very much of the Nature oi Sulphur ^^ 
being very inflammable ; it is of two Sorts, one 
liquid which fwimmcth like Oil on Water ; the. 
other more hard ahdcompad, is dug out of the 
Earth. 

. 3. Amhergreafe^ is a Kind of Bitumen^ found. 
in many Places on the Sea-iliore ; ir grows hard 
in the Sun-Beams ; the beft Sort is grey whea' 
dry, eafily foftens in the Heat, and appears 
blacki(h when wet. 

4. Afphaltos^ this is that (limy bituminous 
Subftance, of a purple Hue, which is found in 
iht Lake of Sodom ^ or Dead- Sea^ in the Land 
of Palejiine ; from whence its Waters are faid to, 
ilink to that Degree, that no Fifh can live in 
them^ nor the Birds in the Air fly over it, and 
live, 

5, Naptbcy is another Sort of Bitumen^ be- 
ing liquid ; but fomewhatmore apt to take Fire 
and is more hardly extinguifhed. 6. Am^ 
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6. Amber ^ is alfo a kind of coagulated Bh- 
tumen ; though it is evident^ its firft State is foft 

. and vifcous, froni the Flies, Ants, Straws, &r« 
found in its Texture $ it is different in Colour^ 
as white, yellow^ and black ; is found in fmaH 
Currents near the Baltic-Sea^ the Dutchy of 
Pruffia : It hath an eleftric Property ; for, be** 
ing rubbed, it will attract Hairs, Feathers^ 
Straws, &c. 

7, Petroleum^ or Oil of Peter\ is of a ful- 
phureous Nature ; it diftils through the Clef tB 
of Rocks in Italy ^ Sicily and Provence ; and 
feems to be an Oil of fome Bitumen^ tvhich 
thtfubterranean Fires have raifed. 

ji. Siry I thank you-: libould be glad, in 
the next Place, to be infura>ed a little ;of thofc 
Bodies of the fourth Head, called Minerals. 

B. Thofe are fuch Sort of FoJJils as are iK>t 
inflammable, nor dudile, nor to be melted^ or 
liquefied 3 but are hard and brittlci may be rcr 
.duced to a Powder, or, by FirCi calcined to a 
Calx; of which, the following are moil worth. 
Notice: / 

I- Marcajfite^ or Bifmuthy is a metallic Mat-^ 

tcr, white, finooth, hard, brittle, fl}arp; is 

' of a fulphureous Nature, likc^o Tin j it is dif- 

pofed into f^acets, or (hifiing Scales, like Pieces 

of Glafs I hence called Tin-Glafs. 

2. Antimony y is a Mineral, confifling of a 
Sulphur y and a Subftance approaching to that of 
Metal, containing alfo (as 'fis thought from iU 
emetic Quality) an acid Salt \ it is found in 

0^3 divers 
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diTcrs Places, in Tran/yhania^ Hungary y France, 
and Germany. 

. 3. Cinnabar h a Mineral, confining of a 
Mixture of ^ick-Jiher and Sulphur^ fublinaed 
together by Means of a fubterranean Heat, in 
the fame Manner as the Chemifts make artificial 
Cinnabar ; it is while in the Lump of a brown- 
i(h Colour, but when powdcr'd is of a very 
high red. 

4* Chalky is mineral Earth, of a bituminous 
Qaality, yet is an alkali Salt ; is of a foft and 
friable Texture in many Places ; and in others 
of a hard and maffy Subftance, called Quarry ; 
it every where abounds in Hills, and Ridges of 
Mountains, and other Places. 

5, CW; this is a Mineral, confiding of SuU 
^^&/r in great Quantities, mixed with a terrcfl 
trious Subftance ; it is a Kind of a refinous Bi-' 
tumen^ of a middle Confiftence, not eafily in- 
flammable, yet will run and melt with Heat ; 
its Texture is not foon dcftroycd by Fire, but is 
thereby at laft reduced to a Calx, or Cinder 5 
it is dug in great Quantities out of the Earth in 
England^ and other Places, and ferves chiefly 
for Fuel *. 

ji. What is the proper Nature of Metals ? 

B^ A Met a Ik a Cm pie Foflil Body, that 

Jiifes and becomes ^uid by Fire, and by Cold 

coagulates and hardens into fifitid Mafsy capable 

of dijiending under the Hammfer. The Bodies 

• The Friociplcs of all Foffils ((kys th« fame learned Aathor) 
are (1.) Mercury^ as the Baju of many of them. (%.) hfuhtiU 
Sulphur^ which cogolates or fixes the Mercury. {^.J ^n//, and 
(4.) Ei^tb. ^ffe^r, of Chemiilry, Page 139. 

to 
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to which this Definition belongs in every Part, 
are but fix ; viz. Gold^ , Lead^ Siher^ Coppef^^ 
Iron J Tin} to which theChemifts add Mercury 
or ^ick-Jiher ; tho* it ifeems to be of itfelf a 
peculiar Species of Simple Fojjtht 

Gold is the noblcft of all Metals, and is di- 
ftinguiflied by the. following Properties or Cha^ 
raSieriJiics. i. It is the heavieji of all Bodies in 
Nature, and itg ff^eight is inimitable. 2. It is 
the moft duSlili and malleable of all Bodies. 3, 
It is the mod Ji$eed and pure^ or lojes the leaji in 
the Fire, of any Bodies. 4. It requires a vche* 
tnent Fire to fufc it, tho' lefs than Iron or Cb/sm 
J>er. 5. It is diffolvable in no Menjiruum but 
jlqua Regia^ and Mercury, 6. It readily and 
fpcntaneoufly attraSis and abforbs Mercury. 7. 
It does not, when fufed with Lead and Anti^ 
mony^ difpofe or fly off with them in Fume, bilt 
remain fix'd. 8. Its Sound when pure is not very 
clear ^ but rather obtufe^ like that of Lead. 9. It 
is ih^jimpleji^ or freeft from Mixture of hetert^^ 
geneous Parts^ of all Compound Bodies yet 
known* .lo. It is of a &ne yellow Colour y tho' 
fubjei^ to alter and fad^. 11. It is found fome- 
times Pure^ in Glebe or Gold Clods : as in Hun^ 
^ary^ and Mountains of Q)ili j fometimcs in a 
pure Duji or Sand^ as in the Bottoms of fome 
Rivers in Guinea ; and lailly, in v^hitifli Clods dug 
out of Mines 1 50 or 1 60 Fathoms deep, inter- 
mix'd with other Minerals: as Antimony y Vitridy 
Sulphur ytxjc. 12. Gold is liable to Rufiy as is 
found by holding it over the Fumes of Sea -Salt. 
Thefe are the Criterions of Goldy and are all of 
them always fouiid pertaining to that MetaL 

Q^ Mercury^ 



J • 



248 ^e Philosophical Grammar. 

Mercury y by reafon of its Weighty comet 
next to be conjGdcred j its Cterafters are, \. 
That it is the beaviefi of all Bodies except Gold. 
2. It is the moft Jluid of all Bodies ; or its 
Parts feparate and recede from each other with 
the Icaft Force. 3. It is dhijible into the «?/««- 
iefi Part of any Body. 4. It is extremely vo^ 
latilcy being convertible into Fumes, even with 
ft Sand^eat. 5. It eafily penetrates, and inti* 
mately adheres to Gold, not fo eafily to any ch- 
ther Metals j difficultly to Copper ^ and not at 
all to Iron. 6. Of all other Fluids it is found 
capable of tht greatejl Cold and Heat. 7. It is 
yet, by reafon of its great Fluidity, uncapable of 
Congealing OT Freezing. 8. It ^j^A;(?i in almoA 
all Acids, and unites itfclf with them. 9, It is 
the moft fimple or unmixed of any Bodies after 
Gold. 10. Ir \%free from any Sbarpnefs or Acri^ 
mony. 11. It is found in great Plenty in Mines 
of Friuli in Italy, in the Form of ruddy Clods^ 
caird Gnnabar 5 in hard jiony Glebes ; and 
laftly, Fwe, c^\^ Virgin Mercury, x\ixmx\^ in 
Veins and Streams about in the Mine. 

Leady as to its Weight, comes next. Whole 
chief Properties are, .?. That, next to G^^ and 
Mercury, it is the beaviefi of Bodies. «. Of all 
Metals it is xhi^foftefl, and therefore very duSlile 
and flexible. .3. It melts the fooneft of all Afe- 
tals. 4. It very eajily difji)hes in almoft all ng)eak 
Acids, but not fo readily vajlrong ones. 5. It 
Sffifates all Metals melted with it, but Gold and 
Hflver, or carries them off in Fumes. 6. Of all 
Metals it is the \t2Afonorous, and diminifhes the 
Sound of others when mi?f?d with it, 7, It hath 

thQ 
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the Icaft Elafiicity of any MetaK 8. It is fomc- 

times found Pure^ but oftener in Mineral Ore^ 

which is a $ort of blackifh fatty Earthy di6ScuIt | 

to fufc. Of Lead Mines there are abundance in 

Germany^ Hungary ^ and England. - 

Siher hath the following Charader^. i . It 
is next to Lead in Weight. 2. Its Fixity is 
next to that of Gold. 3^ As rflfo its DuStility 
and Malleability. 4. Its Fufibility by Fire is 
very eafy, tho' more difficult than that of Gofd 
ot Lead. 5. It is diflblvable in Aqua Fortis, 
but not in Aqua Regia. 6. It rejijleth the Force 
of Lead in Fufion^ or is not difiipated in Fumes 
thereby. 7. It rejijls not the Force of Antimo- 
ny» but volatilizes and flies off along with it 
8. It yields not much Sound when purified i 
being tefsfonorous than Iron or Copper ^ but more 
than Gold. 9. Siher is feldom found Pure ; 
fometimes in the Ore of Gold^ Lead^ and Cop* 
pery but ofteneil in a Kind of ilony black 
Glebes, full of (hining Streaks, as in the Mines 
of Peru and Q>ili. 

Copper is a Metal of the following Proper* 
ties or Chara^ers. i. It is next to Silver in 
Weight. 2. It is very duBile when pure. 3. It 
is of a beautiful red Colour exceeding that of. 
Gold. 4. Its Fixity in the Fire is greater than 
that of Lead or Tin, but lefs than that of Silver. 
5. It is dijicult oi Fufion^ much more than 5/A ' 
ver ; yet ignites before it fufes, which Silver 
does not. 6. It is diflbluble by all the Salt Men* 
ftruums known^ whether Acid^ Alkaline y or Ni* 
trousy yea by Water ^ Air^ &c. 7. If it be dif- 
folv'd in Acids^Xt turns Green 1 in Alkali Red^ 

and 
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•nd by other Salts, Blue. 8. Its DivifibiHty h 
very great and furpriiing^ for one Grain dii&lv'd, 
will tinge with Blue above 530620 times its 
Bulk of Water. 9. lijlies off in Vapour^ being 
fufed with head or Antimony, i o« It is the 
mofl: elaflity and x i • The mojl fomrous of all 
Metals* 12. Copper is every where found, but 
moft abundantijr in Sweden and Germany^ where 
there are whole Mountains of it^ but the ricbefi 
Ore is in the Mines of Hungary. 

N. jB. Brafs is made of Copper thus ; they 
calcine and pulverize Calamine^ and mix it with 
a little Charcoal Duft : then they put feven 
Pound of this Mixture into a mekiog Pot, with 
about five Pound of Copper over it ^ then let*- 
ting it down in a Wind Furnace after 1 1 Hours, 
it is drawn up again, the Brafs being com*- 
pleated in the Diflolution* 

Iron is the Metal to which the foll6wing 
Charadtcrs belong, i. It is the beavieji of all 
Sodies after Copper. 2. It is the leafi ductile ^ the 
bardeji and moft brittle of all Metals^ 3. It is 
^eryjixed, as to its metalline P>rt* 4. It ignites 
hng e're itfufes^ and will notftsfe without Dif- 
ficulty. 5. The more it is ignited^ thtfofter and 
more malleable it becomes, contrary to the Na- 
ture of all oth^ Metals. 6. It is diflbluble by 
almo/l all Bodies in Nature, that have any Mo- 
tion of Parts 5 as Fire^ Sak^ Airy Dew^ Water ^ 
&c. 7. It is extremely rubiginous ^ or apt to con- 
tra^ Rufty by the ABion or Corofion of the 
afore-mention'd Bodies upon it. 8. If it be fufed 
with Lead^ Antimony^ ox fixed Salty it readily dif- 
.fipatcs into Fume or vitrifies. 9. It is vtx^fmo- 

. rous 
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rws and ihfiicy tho' inferior in tlicfe RcfpcSs xm 
Ckippir. I o« Of all Bodies it is the only osic iz/^ 
traSledhy the Load-ftone ; and 1 1 . It has a Kind 
of Magnefi/mj or is capable of attraSling Iron 
itfelf 12. Iron is found in Mines, which are 
very comnK)n in moft Countries in Europe ; as 
Norway^ Poland^ Germany^ France^ England^ &c. 
and its Glebe or Mercajjke bears a near Refem-- 
blance to the Load-ftone. 

Tin is diftinguifhed by the CbaraSferiJiics fol- 
lowing, r. It is the Ugbteji of all Metah^ and 
the heaviefl of all other Bodies befides th^m. a. 
It is the fifteji of all Metals but Lead. 3. It 
has the /r^ Fixity in the Fire of all Metals, and 
therefore lofcs the moft of its Weight. 4. It is 
fufAle by the leaft gentle Fire, and that long 
before Ignition. ' 5. It is eafily nnfceable with 
other Metals, and diminiihes their DuSiility^ ex- 
cept in Iron. 6. It will not dijfoive in Acids^ 
cfpecially ftrong ones^ without much Difficulty. 
7. It is the leaji Jbmrous oS zaylAdidX^ but Lead-^ 
and yet it augments their Sound when mixed 
with them* %. And thb' it is in itfelf very Httle 
elafticy vet when mixed with other elajiic Bodied, 
it wonderfully increafes their Elajlicity. 9. Tin 
is principally found in Cornwall and Devonjhire-^ 
and its Glebe or Ore is a heai)y fpongeous Stone. 

A. What are the Elements or Principles of 
which Metals confifl: ? 

B^ The Elemmtary or Component Principles of 
Metals arc reckoned two, wz. Mercury and Sul- 
pbur-y Mercury as the Bqfis or Matter of the Metal ; 
and Sulphur ^xhtBinder or CementyWhich renders 
it fix'd and naalleable. This Mercury is tke fame 

as 
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as common S^tfickfiher^ but only the moft defe^ 
cote and pure that k poflible. But by the Prin- 
eiple Sulphur is to be underftood, not the vul-f 
piffojfil Sulphur^ but a peculiar Sort of Matter 
caird the Sulphur of Metal^ wUch is fuppoied 
to be the Matter of Light or Fire^ which unit-- 
ing with Mercury, fixes it ; and accc»^ng to 
the difierent Degrees of its Union and Coherence 
therewith, it produces difierent Sorts of Metals. 
To this may be added, that a Buming-Xjla/s 
will feparate a vitrifiaile Earth from any the 
moft perfect of Metals. 

ji. Well, Sir^ I heartily return you Thanks ; 
^and> if you are not tired with talking fo long, I 
Should next be gbd to hear you on the Subjedk; 
of the fixth general Head, viz. Stcnes. 

B. No, Sir^ I am never tired on the Sub- 
jeds c^ Mathematics and Philofophy; and 
therefore I will go on to enumerate fome of the 
principal Stones^ and hint to you the particular 
Properties of each of them'. 

1. Marble^ is a curious Subftance, arifing 
from an earthy Juice^ well purged, concoded^ 
and digefted in the great Laboratory of the 
Earth ; a Body very compad and hard, and 
may be calcined to Powder, but cannot be 
melted. 

2. Alabafier is a Kind of Marble, but more 
ibft and friable, and is combuftible like Lime, 
but as ponderous and polite as' Marble itfelf. 

3* Porphyry y is another Species of Marble,, 
various coloured, fomewhat lighter than Mar^ 
klc, yet very hard. 

4* Flinty 
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4* Flinty is an exceeding hard Subftance, ge* 
nerated frooa the pellucid Particles of Sand com* 
paded together^ and indurated ; and may be put 
into Fufion^ whence Glafs is made. 

5. Cryjialy is a very pellucid tranfparent 
Gem ; the moft pure is found in the Tops of 
Rocks and Mountains, and dog out of the 
Bowels of the Earth alfo 3 it is not coloured, is 
ibfter than other Genfs, and therefore ihineth 
not much ; it confifteth of an aqueous Subftance^ 
and is therefore eafily liquefied and convertecf 
into Glafs, faith Cardan. ^ 

6. Adamanty or Diamond^ is in Colour and 
Figure much like Cryjial^ generated in the fame 
Manner ; but itsJFfardnefs far exceeds that of all 
other Bodies ; ror it will cut and penetrate the 
Texture of any of them 5 it has an eledric 
Quality, in attrading Straws, Feathers, &c^ 
being warmed by Attrition* 

; 7. Berylly h a Stone, much of the Nature 
of a Cryjial^ of a faint green Colour ; found at 
the Root of Mount Taurus^ in the River JS^r-. 
pbrateSy and in the Indies. 

SmaragduSy an Emerald, of a lovely Green, 
and of fo flrong a Luflre, that it (hineth in the 
Light of the Sun or Candles ; it is very tranfpa- 
rent, and faid to^ tinge the Air with its Groen- 
nefs. 

9. Carbuncky is a precious Stone of tranf^ 
cendent Luftre; being of a glowing fiery Colous^ 
like a burning Coal, as the Name importeth. 

10. Rubyy fo named of its noble red Colour, 
is the moil vaUiable of all precious ^Stones next 
the Diamfind ; it is faid to be firfl white, and to 

grow 
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grow red gradually from a fan|"uinc Juice, of 
which it is nouriftied and generated from at 

firft. 

1 1 . Hyacinth y or yacinth^ is a Species of the 
Carbuncle y of a red-lead Colour i it having its 
Name from a Flower of the fame Colour*^ 

12. Ametbyfiy this is near the Nature of an 
Hyacinth y is of a purple Colour, arifing as it were 
from a Mixture of Red and Blue; they are very 
hard, and the harder the better. 

13. Sapphir (from the Hebrew -jsq, fpecious^ 
beautiful) is a precious Stone of a lovely Azure, 
or fky-colourcd Blue, found in many Places in 
the Indies. 

14. ^opazy this precious Gem is reckoned to 
excel among all thofe which fhine with a golden 
Colour. 

• 1 5. SardiiiSy a Gem called the ComeliaJty or 
Cornelion St07iey from its flefhy Colour ; the bell 
is found in Sardi?iiay whence the Name. 

16. i)nyxy a Gem partly pellucid, fo called 
becaufe it expreffeth the human Nail in Colour 
and Splendor. 

17. Sardonyx y is a precious Stone, fomewhat 
pellucid, and is thus named, as if made up of a 
Sardius and Onyx together ; it is diftinguiftied 
moflly by black, white, and fanguine Circles. 

18. Chalcedony y was formerly, reckoned a 
Sort of Carbuncle y but is now referred to the 
Onyx 'y it is very hard, and of a light cloudy Cor 
lour through its whole Body. 

I g. Achate y this is an opake Gem, yet 

fparkling by reflected Light \ and by various cq- 

2 ' - loured 
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loured veiny Lines> refembles Trees, Rivers, 
Animals, &c. beautifully on its Surface. 

20. Jajper is, like the Achate^ opake and of 
various Hue j but the Green is the more general 
Colour of this Stone- 

21. Pearls are Jewels, or precious Stones, 
bred in the Shells of Fifh j qf which there be 
various Kinds, not much to our Purpofe here 
to recount *• 

A. But, 5/r, I think in all your long Cata- 
logue of Minerals and Stones^ you have not men- 
tioned the Loadficne. 

B. No, Siry I have not ; the Reafon is, be- 
caufe this moft wonderful of all Foflils hath 
always merited a particular Confideration. 

A. Be plcafed then, Sir^ to oblige me with 
a fliort Account of the Nature and fome of the 
chief Properties of this Stone. ^ 

B. The Magnet J or Loadfione^ is a Mine- 
ral found in Iron Mines, which i? fomewhat 
of the Nature of Iron, but is not malleable, nor 
will it melt, but may be reduced to Powder, or 
calcined to a Calx > its Particles therefore are 
more rigid, hard and implicated, than thofe of 
Iron. The chief Properties of the Magnet arc 
thefe : i . The Loadjloney at Liberty, doth always 
put itfelf in a Pofition, refpefting the Poles of 
the Worlds and the fame Parts always tend to 

* Wlvoerer would fee more concerning Metals, Minerals, 
Stones and other FoiiiU, may meet with great Satisfa£\ion in Dr. 
Botrbtutvit Chemiflry, with Dr. Shaw's Notes, from Page 5 1 
to 141 of the Theory ; and in Dr. Fr. l^icboiN Obfervations on 
Mines and Minerals, in Philof. Tranf. No. 401 , 403. fFoodfwariT^ 
Nat. Hid, of the World, Part IV'. 

the 
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the fame Pole. 2. This Stone doth not prer 
ciiely point to the Poles of the Earth,. but dc^^ 
clineth a Kttle Eajhuard or Weji^ard^ more or 
kfs. 3* Two Load/iones pWced at a certain 
Diflance> approach to, or recede from each 
other, as they are variouily placed. 4. Load-- 
Bones do fo attraft each other, as to fuftain one 
another pendent in the open Air, provided the » 
North Pole of the one be oppofed to the Soutk 
Pole of the others. 5. Sometimes a lighter Mag-^ ^| 
net will fuAain a heavier one pendent, though 
a heavier Magnet will not fuftain a lighter one« 
6. It is obferved, this Virtue of turning to the 
Poles is not equally flrong in all Loadftones^ fome 
dping it with greater Celerity than others. 7. 
There are obferved fome anomalous Loadftonesy^ 
which fcem to have more than two Poles, or 
Points of Diredion. 8. The Load/lone attraOtth^ 
Iron, as it were znothcv Laadjione. 9. The mag- ^ 
netic Virtue is communicated to Iroii or Steel 
by the Touch j thus a Needlfc ix>uched by the* 
Loadjioney will always keep in a Pofition towards 
the North and South. 10. Loadjiones are cor^^ 
rupted if they lie long together, with North, 
Pole to North Pole, or contrarily j they alfo lofe 
their Virtue by being made; red hot in Fire, with 
many other Properties of lefs Note. 

A. And pray, Sir^ whence is this Mineral en-., 
dued with this furprizing Virtue. 

B. I cannot find any of the Philofophers can 
tell the formal Caufe thereof; it is a Secret yet 
hid from Man, though he be bleft with a Dis- 
covery of its Ufc -f-. 

-A. Piay 

\ As the Properties of the Magnet and the Experiments ilkllrat- 
ing the fame, are endlefs to recount ; fo the Authors who treat 

thereof* 
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. A. Pray what Parts of the Earth are moft 
productive of Minerals and Metallic Subftances ? 
B. Mountains, which feem, as it were, de- 
figned as Matrices for the Generation and Ma- 
turation of Minerals and Metals 3 becaufe in them*^ 
the tnoft ufeful Foffils are principally found. 

A. Do Minerals, Metals, Stones, Gf^. grow 
in the Earth ? 

B. Undoubtedly : Yea, it is well known that 
divers Mines when emptied of Stone, Metal, 
Gf^. have after a while recruited again. Alfo 
divers ftdny, fparry Icicles, and other ftaladi- 
cal Subftances, may be daily ktn engendered 
from the Exfudations of fome petrifying Juices 
out of the rocky Earth in great Caves ; as I 
myfelf have feen in Oky^hole in Somerfetjhire ^. 

A. Well, but to make an End, what may 
you mean by extraneous* Bodies in the Earth, 
the Subjedk of the 7th and laft general Head ? . 

J5. The various Exuvice 6f Fifh, and other 
marine Animals ; fuch petrified Ecbim\ Glojfo^ 
petra^ Cockles^ Oyfler-Jhellsy Turbens^ Scallop, 6cc^ 

thereof, and the Hy]>othefes they advance for the Solution of 
thofe Properties are almoit infinite. But they who defire a large 
Difcourfe on this furprizing Subjed may confult Joan, Clericu 
Phyf. Lib.ir. Cap. 6. Haukjbee's^ De/aguliers\ &c. Coorfes 
of 'Experiments. Rohaulfz Phyiics, Part III. Chap. 8. Jaa 
Ode Philof. Nat. Tome. II. Cap. 3, KircheA Ars Magnetica. 
Whifton\ "Dodi, of the Magnet, ^tami Phyfiol. Explorat. 
XVIII. § 12 to } 37, inclufive. Defcartes Opera Philofophica, 
Part IV. J 133. & feqq. Inftitutio Philof. Tom- ill. Part IK 
J 3. Cap. 4. Regnault''^ Converfat. Vol. I. Conv. I'g, r6, 
Lcnvthorpi^ Abridgment, Vol. II. Page 610. Eames and Mar* 
tyns Abridgment, Part II. Chap. 4. Mifcellanea Curiofa, 
Vol. I. Page 43. Harrises Le^ticon and Chambers' % Diftionary at 
tie Word Magrtet. Phil. Tranf. Jl* 368, 390, 414, 423, 389, 
366, 371, 4i2r. 

X See Mr. Derham\ Phyftco-Jheology, Book III. Chap. a. the 
Notes. 

R as 
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as are foun^l in various Parts and great Depths 
of Earthy/ and are to be feen in the Cabinets of 
the Curious* 

A. Pray how came thofe Bodies at firft in- 
termixed with the Earth ? 

JB. None can certainly tell ; it is fuppofed 
at the Deluge, or by fome general Inundation 
of the Seas, whereby the Earth was rendered 
foft, and thofe marine Bodies funk therein, and 
were covered over ; and by the petrifying Qua- 
lity of tl^e Earth, in Time, turned into Stone *. 

* TiT, Woodward hy^t the Echini and other lighter Shells are 
very numerous and frequent in all the Chalk-Pits of Kent, Sur^' ' 

rey, Efix, and other Shires, being found indifierently from Top 
CO Boctom» in Pits that Were sea Feet deep ; and in fFe//j much 
deeper. Alfo that the Concha, PeSines^ Cochlea, and Shells of 
a like Gravity, are found in die Sand Stone of all Councries» 
yea» even in the very middle of F/m/jthemfelves. Nat. HifL 
of the Earth, Parti. Page 30, ji. Part IV. Page 183, t^c 
*Tis common to find that' the Echini, Cochlea, Concha, Pec^ 

tines, and other Shells Have theiv Cavities filPd up with Ores^ 

Flint, Spar, Vitriol, ftilphur, and other Minerals ; thefe re- j 1 

ceive thefpecific Figures of the Shells they are formM or mouH« % 

6d in. And thefe Stones are what Authors call Echinita, Co^ 

cblita, Conchita^ PeQinita, &C. 

Stenb, in his Book do Solido intra Solidum contento, fays, there 

were many marine Shells found in a Stone taken out of the Forum 

Volaterranum which many Ages before had been brought 

thither for Buildine ; and therefore 'twas certain thofe Shells 

could not have endured lefs than 3000 Years, and probably 

jfrom the Flood. 

See much on this Subjedl in Dr. Wdodivard^z Hiftory of the 

Earth. S tenons Book aboven)entioned. The' Theories of Dr. 

Burnet and Mr. Whifton. Bartholim Specim. Philof. Nat; 

Cap. 13. Page 150 to I J3» Philof. TranL N9 291, 305, 360, 

36i<. 
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CHAP. HI. 

Hydrography, or the Philosophy of 
Water 5 of the Laws of />^' Pressure 
and Gr A V i t y ; of the Sea, its Origin^ 
Roundnefsy Extent ^ Saltnefs and Tides ; of the 
Caufe of Fountains, Rivers, Lakes, 
and Baths, with the Properties of their fe^ 
veral Waters. 

-^.TTTHAT is the Original of Hydrogra^ 

VV Ph^ . 

. B» The Word is cotrlpofed of v^cop^ Water ^ 

and TfOLtpri^ a Defcription ; and here fignifies a 
philofophical Defcription of Water. 

A. You have already defcribed me the difTc- 
rent Diftinftions of Water on the Earth's Sur- 

, face,, and like wife the Caufe of its Fluidity and 
. Volubility ; pray what then remains to be farther 

^ confidered of Water ? :j 

B. In the firft Place we n\uft more particu- 
larly confider the Effecfls arifing from Fluidity, 
and the Rules of Motion, called the hydrojiatic 
and hydraulic Laws of the Gravity and Prefliirc 
of Fluids *. 

♦ The Word Hydroftatict is derived from vlu^ WaUr^ and 

cT«T»x«), the Science of Weighty from arariu to iveigb, Confe* 

quently Hydroftatics imports the Science which is converfant 

r about thofe Properties of Watery or any Fluids^ which depend 

on or ref alt from the Weight or Gravity thereof. 

2. Hydraulics is derived of v^ta^ Water, and awXo? a Pipe ; for 
anciently t^t Organ and other Wind Jnftruments of Mufic were 
blown by Wind made by the Fall of Water inftead of Bellows. 
Whence this Word in Time tame to be applied to the Art of 
making all forts of Engines for carrying or raifing of Water y or 
nAihich are nvorked or mo^ed by Water. And hence the ancient 
Water Engines defcribed by Hiron arc call'd Machina Bydrau^ 
Uca. i. e. Hydraulic Machines or Engines. 

R 2 A, Wliat 
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A. What are thofe EfFcfts you call the hy-^ 
drojiatic Laws of Fluids ? 

B. Wc have not Time to confidcr all, the 
chicfcft are the following. ^ 

I • l*be Surface of a Fluid contained in a Vef^ 
fel abiding ft ee^ "Will become plain or parallel to 
the Horizon : Hus the Surface AB, of the Fluid 
■ CD, will be parallel to the Horizon HO. 

^ 2. The upper Paris C prefs the lower Parts 
D, which Jujiain them ; and this Prejfure is al^ 
ways proportional to the Height of the Fluid A^^ 
See the Fig, XXXIII. and XXXIV, on Plate 
XXI. fronting p. 234. 

3. This Prefure on the lower Parts^ from the 
Gravity. of the fuperincumbent Liquid^ exerts it-- 

f elf every Way y and every Way equally. ^ 

4. Infeveral Tubes ^ haying a Communication 
with each other ^ at ABCDEF, whether equal or 
unequal y Jireight W crooked^ ereSI or oblique^ a 

' Fluid will rife to the fame Height G I in all. Fig. 
XXXIV. on Plate XX\. fronting p. 234. 

5. When Liquids oj different Gravities are 
contained in the fame Veffely -the heaviejl lies at 
the loweft Place y and is prejjed by the lighter ^ in 
proportion to the Height of the lighter. 

6. The Bottom EF, and Sides AEBF, all 
round a Veffel^ are preffed by the Parts of the Z*/- 
quid contained which immediately touch them\ and 
that in Proportion to the Height of the Liquid 
not at all regarding its ^antity. Fig. XXXIII. 
on Plate XXL as above. 

7. Afolid Body immerfed in a Liquid^ is pref- 
fed by the Liquid on all Sides j and that Prejfure 
increafes in Proportion to the Height of the Li^ 

quid 
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quid above the Solid. Bodies very deeply immerfed 
are^ as itnvere^ equally prejfed on all Sides. 

8. Any Body^ which is heavier than an equal 
Bulk of the Liquid into which it is immerfed^ will 

Jink or defcend therein. 

9. If the Body be lighter than an equal Bulk 
of thefaid Liquid into which it is immerfed^ it 
will afcendto the Toporfwim. 

10. But, fuppofe the Body be equal in Weight 
with an equal Bulk oj the Liquid, it will neither 
afcend or- defcend, but remain fufpended in the Li-^ 
quor wherever it is placed. 

1 1. All equal Solids, but of different fpecijic 
Gravities, being immerfed in the fame Liquid^ 
lofe equal Paris of their Weight. 

1 2. A Liquid acquires tQfame Weight which 
the immerfed Solid lofes. 

13. ^he immerfed Parts ^Bodies fmmming 
on the Surface of the fame ^muor, are ta each 
other as the Weights of the Bcfkes. 

A. And, prayy how do you|)rove thefe Laws, 
and what are their Ufe ? 

B. They are founded on various Experi^ 
ments ; and their Ufe is to difcover the different 
Weights . or fpecific . Gravities of Liquids and 
Solids, which is not only a very great and ufe- 
fui, but alfo a very pleafing and delightful Part 
gf natural Philofophy *. 

^.Pray 

* The Proof of Aefe Laws of Flnids is threefold, w«. (\.) 
Thyfical\ which depends on a bare Contemplation of the NataflK, 
figure, and other Properties of the fmall Particles of Fluids, fepa- 
rately confider'd ; and the Ph^enomena thence arifing wilt evince 
the Truth of the faid Laws, (2.) Maibematical ; for by confider- 
ingof Liquids ^s Solids, and dividing them into P/^n^/, Columns^ 
&C. and reprefenting cheir diff(?rent Heigbu, Grmntits, and Veh- 

R 3 «Vw, 
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A. Pray how do you find or eftimate the 
(pecific Gravities of Solids ? 

5. Thus, by the hydroftatic Balance S, F/^. 
XXXV. on Flate XXII. fronting p. 262. let 
there be prepared a Glafs Veflel of Water E^ 
and another Veflel D, whofe Weight in Water 
muft be precifely equal to that of the Weight 
C. Now the Weight C being affixed to the 
Scale A, the Solid whofe fpecifick Gravity is 
defired, being firft weighed in Air, muft then 
be put into the Veflel D, which is then affixed 
to the Scale B, and immerfed into the Veflel of 
Water ; then put Weights into the Scale B till 
there be a juft Equipoiie. Now from its Weight 
in Air, fubdudl its Weight in Water, and the 
Remainder will be as its f pecific Gravity inverfly j 
and thus the Ratio's or Proportion of th^Jpecifie 
Gravities of fevei:al Bodies may be found. 
I j1. As to theJ^ifanner of weighing thofe Bow 
dies, it feems pretty eafy to be apprehended from 
the Figure, y but ^ to computing the Ratio's, I be-» 
licve I could better underftand that by Example, 
B. Why then I will give you one : Suppofe 
you take a Piece of Lead and a Piece of Ivory, 
each weighing 69 Grains in Air, but weighinig 

titles, hy algebraic Charafters, *tis eafy, by Rates of Art^ to raifi^ 
Theorems, \rf|ich are to many Hydroftatic Laws. (3.) Erfm'" 
mental \ for 4II thofe Laws are capable of Proof by innumerable 
Experiments^ S^ the feveral Cour/es of Experiments, by 'Dt^ 
Dify^uliersy Gra*vefande, Hanuk/beet Wofter^ &c. Maarriotte'^ 
Hydrofiatics^ cnglifhed by Dr. Defaguliers^ Robault\ Mec&ania, 
tranflated by fVatts, Page ii9. -Boyle's Hydroftatical Faradoxeu 
Comfend, JSyftem of Nat. ?hilof. Part 2. Sinclair's Bydfdftatieu 
Clarke's Notes to Rohault's Phyfics^ Part i. Chap. 16. } $. 
"Mu[fchenhroek\ Epit, Phyf. Part 2. Dittany's Ne^w lutw of 
Fluids, Savitzer's Gen, Syffem of Hydroftatia. Phil, tranf 
ahridgdf by MefT. Eatnes and Martyn^ Part 1 • Chap. 6. Cbam^ 
heris Dia. and Harriis Lexicon, under the Word Fhids an4 
B^droJiaiifU ' ' 
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them feparately in Water, you fjnd their Weights 
therein to be 54 J and 29; now the Deficiency 
of thefc Weights arc 5 J, and 3 1 . Therefore the 
Ratio or Proportion of the Weight of Lead to 
that of Ivory, is as 31 to 5 -Is that is, Lead is 
almoft 54 Times heavier than Ivory. 

^. Sir, I perfedlly apprehend you now, and 
thanic you ; pray do you eflimate the fpecific 
Gravities of Liquids after the fame Manner ; 

B. They are eftimated thus : Take a Piece of 
Lead, which fuppofe to weigh 455 Grains ; 
then the fame weighed in Oil of Vitriol will be 
found no more than 379, and in common Wa- 
ter 414 Grains. The Diminution in the firft 
Cafe is 76, in the latter 41 Grains ; thefe Num- 
bers are inverfly as the fpecific Gravities. 
Wherefore the Gravity of common Water is to 
the Oil of Vitriol as 76 to 41 ; that is, almoft as 
heavy again : Do you underftand me ? 

A. Yps, Sir, very well : I only wi(h I had 
iiich a Pair of Scales as are fit for this Purpofe $ 

for then I fhould take a deal of Plcafure in . 

making thofe Kinds of Experiments. j 

B. Sir, you may eafily obtain a Pair j and til! 
then, I can lend you a Synopfis of an Eftimate of 
the fpecific Gravity of various Solids and Li^ 
quids, which I have taken from Dr. ^infey, if 
you think it worth your Pemfal ** 

' A, Sir^ 

» 

* The beft Method that I can find for dircovering Hit^ctfii 
Gravity of Solids and Fluids^ with Eafc, Expedition, and Certain- 
ty, is by means of a fine Hydroftatic Sttelyard and SiiiKng Rule. 
2. The Steelyard is thus cheap and eafily made : Take the Beam 
of a fine Pair of Scales, as A O (Fig, LXIII. on Plate XX- 
fronting /• 233) let the Smith make the Arm CO pf a fafiicient 
Length pB^ by joining a ixnall Iron Rod thereto : to the £nd of 

R4 the 
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A. ^ir^ I am very much obliged to you for (b , 
extraordinary and ufeful a Piece of philofophical 

the other Arm at A fix a Ball of Lead, or Tin, &fr. D^ fuck 
that its Weight* together with that of the Arm ACi may exa^- 
ly balance or equipoife the Weight of the other lengthen'd Arxn 

CB. ' 

3. The Arm CB being duly fliaped, is to be graduated after 
this manner : Sufpend two equal Balls or Weights £ and .F» one 
on each Side the Point C, at equal Diftances CA, CO, they 
there abide in Equilibrio ; therefore O is the Point from whence 
the Degrees are to begin. If now you add the Weight of 10 
Grains to the Ball F, and move the other from O a little to- 
wards B, you will find the Point 10 where the Weights- will be 
exadtly in Equilibrio. If you add ten more Grains to F, the Ball" 
£ being again moved towards B will give the Point 20, where it 
will equibalance the other. And thus by adding 10 Grains~^conr "^ 

itantly to F, you will gain the Points of Divifion in the other 4| 

Arm for every ten Grains to an 1 00| or any. j;reater Number % 
all which is evident from the Figure. 

4. The Steelyard being thus graduated, a fine Thread of Silk 
(whofe Weight is inconfiderable) is to be fixed to the BdU F with 
9 i;oop a( the lower End, in which any Body, or piece of Mat-- 
ter, may be put, as at i , and then weighed by moving the Wire 
of the Ball £ over the Degrees, as in &e common Suehard^ till 
it comes to an Equilibrium ; then the Body is to be fufpended 
and weighed in a VefT^l of Water as GH ; and then the Dif- . 
ference of its Weight 7;^ and out of the Water will be with Eafe 
qbitain'd, be th« Figure ox Weight of the Body what it will, with-^ 
in the Coipipafs of the Inflrument. 

'5. When, by this Means, you know what any given Num- 
befr of Grains lofe being weighed in Water, ^tis eafy by the Slid* 
ing Rule to find what an 1 00 Grains will (ofe. Thus if 60 
(jrains of Lead lofe 5^ , an 1 00 will lofe <)\ nearly ; apd thus a^ 
Table 6f t\it fpecific Gravities of Solids and Fluids may be con- 
itruded with th^ greateil Expedition. By this Steelyard I have 
examined many of the Gravities I hav^ here given in the Table^^ 
and find they are very true. 

6. But fince Gold is not. among the other Solids, I thought i^ 
would Qpt be amifs if I here fubjoin a fmall Table of the fpe- 
cific Gravity of Gold and the other Metals, with Air and Watcr^ 
in one View. 

Gold 
^ Quickfilver 

Lead *— 
Silver 
$)o|)per 

: ^ Curiofity ; 



19636 


Iron 


785* 


1 401 9 


Tin 


7321 


»«34S 


Stone 


2000 


10535 


Water 


• 1000 


8843 


Air • 


'Tf 



!t 
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Curiouty : And, pray, have you notKing very 
remarkable to be obferved frgm the foregoing 
Laws of the Preffure of Fluids ? 

. jB. Yes, more than I can here exemplify to 
you J however that you may know fomething 
of them, learn their Ufe in the following In* 
ftance: Suppofe AB (F/^. XjXXVI. on Plate 
XXII, fronting p. 262.) a Ciftern or Tube 
filled with Water always even to the Brim, as 
at S 5 now let there be any Number of Holes 
IJECFG made through the fame, the Water 
fpouting through each of them, will fall to an 
horizontal Diftance, which is double to the 
Diftances of thofe Hole^ from the Periphery of 
a Circle A KB, defer ibed about the Length of 
the Tube as a Diameter *. 

A4 If this be the Cafe, I eafily perceive why, 
in the Scheme, the Water fpouting from the. 
middle Hole C, falls fartheft from the Tube : 
for, according to you, the Diftance BQ, to 
which it falls, is pqual to twice C K, that is, 
equal to the Height of the Tube AB • and as 
this C K is the fartheft Diftance from the 
Circle, the Double thereof BQ^muft needs be 
greater than the Double of any other Diftance, 
3«id therefore its Water fpouts the fartheft, 

B. You take the Reafon of the Thing very 
well ; you may alfo farther obferve, that from 
two Holes EF, equally diftant above and be- 
low the central Hole C, the Water wil) fpout to 
an equal Diftance, BP, the Double of EL or FI, 
yrhich are equal Diftances from the Circle: Alfa 

* Dr. GrsBvtfande proves the Truth of this in his Elements^ 
Bookl. Ctiap. 24, p. 101, 102* 103. And Book II. Fart^z. 
Chap. 7, 8. 9, u% wboU/ on tbefe Subjefts^ 

the 
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the Water from G will fpout to O, which is 
double the Diftance GH ; and the Water from 
D will fpout to' N ; for BN is double the Di- 
fiance D M from the Circle. 

A. I underftand you thoroughly concerning 
this ; have you any thing elfe to obferve of the 
Preflure of Fluids^ pray ? 

B. One Thing amongft many I could name 
is this : That, let a Body be ever fo heavy, yet 
it may be made to fwim in Liquids. 

ji. This is very furprizing indeed ! What can 
Lead or Gold be made to fwim in Water, Sir ? 

B. Yes, by knowing their fpecific Gravities : 
Thus, becaufe the fpeciiic Gravity of Gold^is to 
that of Water, as 4 9 to i ; therefore if you hold 
a Guinea to the Bottom of a Tube of equal 
Diameter (fo as no Water can get in) by Means 
of a String ; then put the Tubie down in the 
Water above 19 Times the Thicknefs of the , , 

Guinea in Depth, and letting the String go, the 
Guinea will not link, but ride fuftained by the 
Preflure of the fubjacent Water, which now . is ] 

ilronger than the Power of Gravity in the 
Guinea ; and thus you may make any Body 
fwim, how large;, folid, and weighty foever *» 

* The Writers on Hydroftatics demonftrate that the Preflure of 
Liquids on the Bottom and Sides of Veflels is always proportional 
to the Height thereof, and every Way equal at the fame Depth. 

2. To illuftrate this, let GE (Fig, LXIV. on Plait XX. front- 
ing P/r^^ 233.) be aVeiTel from whofe upper Part HE proceeds 
ai tall Tube A6CD communicating therewith. Let this Tube 
and Veflel be filled with Water, then fhall the Preflure of the 
Water on the Bottom GF be as great, and every Way the fame, 
as it would be were the Veflel itfelf as high as the Tube, and 
filled with Water to the Level of PS ; that is, the Column of Wa- 
ter A NOR in the prefent Cafe has the fame EfFe6ton the Bottom 
of the Veflel GE as the Column of Water PGFS would have. 

3. This is no fmall Paradox^ but is notwithflanding that vtrf 
eafy to conceive ; for fixice Fluids aft in every Direction, or prefs 

every 
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A. Well, I thank you for thefe general In- 
ftrudtions concerning the Nsiture and Eifeds of 
Fluids : And now, 5/r, if you pleafe, we will 
divert our Difcourfc to the Contemplation of 

every Way, and iyiry Way equally, and A8ion and Re aSiion \% 
equal, and contrary ; it muft.follow that the Parts of the Bottoni 
IjN and GL (being equal to NO) will fufiain the (ame Preilion as 
NO, or as they w<)uld do, were the Columns of Water conti- 
nued to the Height PQA. For in the line CN the Force of 
the Coluoin of Water AO \i exerted on each Side equally, and 
has the fame EIFed at IL as at DO, and therefore the lateral 
. I^rcfiure being equ^, the perpendicular Preffures alfo on LN 
and NQ will be equal. 

4. Or thus> if the PrefFure on the Part IL were lefs than on 
the Part DO, the Fluid in the Column CO would, by reafonof 
its greater Gravity, have a Motion toward the Part IL, and thd 
Sartace AB would d^tcend : But iince there is a perfedt Quief- 
cence of all the Parts of the Fluid, and that in the Columfi CO 
is as much at Reft as that in the Column CL, ^tis evident their 
PreiTures and EfFeds are every Way the fame, and confeqoendy 
that the Column CL prefTes as much on the Part LN, as the 
Column CO does on the Part NO. What is thus proved of the 
Column IN, is to be proved of all the reft HL, DM, and KF $ 
^hich makes the Propoiition manifeft. 

5. This Paradox is alfo eafily proved by Statics ; for fuppofe 
the VefTel fixed, snd the Bottom GF moveable therein, and ib 
^apted to it, that no Water fhould pafs between it and the Sides 
of the VeiTel ; if this Bottom be hung to the Arm of a Balance 
by Means of a long Wire defcending through the Tube, the £f- 

, fe^ of the Water in the Tube may be compared with that in 
the Veflel, in regard of Weight; thus fuppofe the Water in the 
VeiTel to weigh one Pound, then admit the Height of the Tube 
AC be 4 times the Height of the Veffel CN, if the Tube be ' 
$)led y/ith W&ter to A^, you'll find 4 Pounds muft be added to 
the other one in the Scale to make an Equilibrium. 

6» Or otherwife thus : Let the upper Part of the Vefi*el HE 
be connected with the lower Part or Bottom GF by Means of 
I«eather, in the Manner of a Pair of Belloivs ; then if the Tube 
AD be fixed into the upper Part, and Water poured therein, it 
will raife the upper Part from the Bottom charged with Weights 
equal to the Weight of a Column of Water equal to PGFS. 

7. 1 have been the more particular on this wonderful Property 
of Fluids, becaufe it is not only in itfelf very curious» but of 
great Importance in many Affairs of Life ; and they who would 
lee more may confult the Authors abQve referred to, efpecially 
J)x,Grawefande'% Ekmcntu 

Water 
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Water in particular: and firft we will begin 
with the ^Vaters of the Sea : What therefore da 
jrou find is known concerning their Extent, or 
what Proportion do the Superficies of the Sea 
bear to thofe of the dry Land ? 

jB. This is not precisely known : I remember - 
I once calculated the Proportion of Water and 
Land, as they are reprefented on my tcrreftrial . 
Globe of 1 6 Inches Diameter, and found it to 
, be fomewhat more than -^, but how much I 
cannot juftly fay, having loft my Notes of that 
Particular at prefent. 

A. Pray how came the Earth to be covered 
over, fo far the greater Part, by Water ? 

B. Thus it pleafed God in the Beginning to 
order it ; for wife Ends no doubt : The Waters 
of the Earth mnft neceffarily rife to the Surface 
thereof, as being fpecifically lighter than Earth; 
and then it was as neceflary there fhould be 
large Cavities therein for Receptacles to con- ^ 
tain them, otherwife they would equally have 
overfpread all the Superficies of the Earth, 

and fo have rendered it utterly uninhabitable by 
Mankind*, 

A. I underftand the Figure of the whole; 
Earth is round, and confequently the Superfi<- 
cies of the Sea mufi be fo too, which I think 

f On this Head hear the philofophical Poet Ovid: 

The Earth of clofer and compadler State, 
Fell felf incumbered with her proper Weight ; 
On her the groHer Elements attend* 
And to the deepefl lowed Part defcend. 
The Waters laft took Place, and flowing round. 
The girded Globe's ejctenfive Circle bound. 

Metamorpb. Lib, I, SewelL 

you 
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you impute to the Adtion of Gravity or Power 
of Attradion in the Earth, do you not, Sir f 

jB* Yes, the Center of the Earth being the 
common Center of Gravity, and the Nature 
of Fluids being fuch, that they equally yield 
to equal Powers, and the Power of Attradlion 
being every where equal at equal Diftances 
from the Center, it follows the fuperficial 
Parts of Water will every where conform 
themfelves to an equi-diftant Situation from 
the Center, and confequently will form the 
Surface of a Sphere fo far as they extend J. 

j1. Pray, Ssr^ is the Sea higher than the 
Earth, or Land, as it feems to be ? 

fi.'No: for by the Power of Gravity all 
Things conform to a fpherical Surface, in which 
no one Part is higher than another 5 befides 
Fluids prefs every Part equally, and therefore 
would foon overflow the Shores, were they 
really loweft. 

ji. How comes it to appear fo, then ? 

% Thas Oo^iV again in the fame Place. 

Whatever God thas broke the formlefs Heap» 
And bid the Parts a juft Proportion keep : 
Firfty that the Earth might regular appear, 
Heroands the Figure to a perfedjSphere^ &c. 

Bat herein the Poet is miftaken ; f^rthQ Figure of the Earth 1$ 
not that of a per/eSl Sphere, hvX zn oBlaU Sfheriod, whofe longeft 
Diameter is that of the Equator, and the fhorteft that from 
Pole to Pole, the Difference being about 34x§ Miles according 
to Sir Ifaac .Ntwton in his Principia^ Lib. III. Prop. 19, 
p. 415. See alfo Dr. KeilN Examination of Dr. Burnet'^ 
Theory of the Earth, Chap. 6. And a large Differtation on 
the Figure of the Earth by Dr. De/aguiiers in Philofoph. Trant 
N**. 3 16 to 389. 

z B. This 
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B. This refults from the Fallacy of Fi/loTr^ 
whereby all Objedls, and the Parts of Land 
as well as Sea, the farther they are from us, 
the higher they appear; thus in Pieces of 
Perfpeiftive, the Parts are all placed higher 
above the Ground Line, as they are fituated 
more remote. The Reafon of all which is 
cafy from Optics *. 

u4. Is the Depth of the Sea known ? 

B. Ftfr^«/^i affirms, the D^ptl) or Prpfundity ^ 
of the Sea is in fome Places unfathomable ; and 
in other Places is very various, being in fome 
Places ^Jr, Tf tH, ItS 2^> ^i B^S^i/b Miles, 
in other Places deeper, and is much lefs in Bays 

than in Oceans. Xhe Depths of the Sea bear 

« 

• Tis well known that the denfer any Medium is thro* which 
we behold Obje£ls» the greater is the RifraSion^ or the more 
their Images appear elevated above the Horizontal Level ; alio 
the greater Quantity of the Medium the Rays pafs through, the 
more they will be bent from their firft Dire6lion ; on both thefe ^ 

Accounts the Appearance of Things remote, and on the Sea» % 

will be ibmewhat above the Horizon \ and the more io^ as they 
are more remote. 

2. The Sight, with regard to diftant Things, is terminated 
with a fpherical Superficies, of which the Eye is the Center, 
and therefore the more remote things are, the higher they 
appear in this Superficies. For Inflance, Let the Eye be at G 
viewing the diftant Surface of the Sea AE ; and fuppofe AF 
be part of the fpherical Superficies which terininates the Sight ; 
Let A, fi^ C, D, E be feveral Parts of the Sea^s Surface, thefe 

• will appear in the Sphere of Vifion, at Oi h, c, d, /, ^11 abovj? 
the horizontal Level HE ; and every Part higher as it is more 
remote. See Fig. LXV, on Plate kX. fronting f. 233. 

3. Nor is this the only Fallacy ; but, if we fu.ppofe^the Parts 
AB, BC, CD, and DE all equal to each other, they will appear 
Very unequal to the Eye at G in the Sphere AF, that which is 
neareft being ftill the greateft ; and the more remote the Icffer. 
Again, if a?, Sc, cd, and ^i? be fuppofed equal, theDiftanceon 
the Sea will appear to be equal, tho"* they are really very un- 
equal ; and, in this Cafe, the more remote, the larger.- See 
much more to this Purpofe in Faremui^s Geog. Gen. Book I. 
Chap, i 3: throughout) but efpecially Prop. 1 ft and 2d thereof. 

great 
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great Analogy to the Height of Mountains on 
the Land, fo far as is hitherto difcovered. 

A. Are you able to fay whence the Saltnefe 
of the Sea doth arife. 

B. It is very rationally judged to arife from 
grei^t Multitudes both of Mines and Moun- 
tains of Salt, difpcrfed here and there in the 
Pepths of the Sea : The Salt being continually 
diluted andi diffolved by the Waters, the Sea 
becomes impregnated with its Particles thro'7; 

\^ out J and for this Reafon the Saltnefs of the 
Sea can never be dimiriifhed -f*. 

A. Pray what ;s the Ufe of this Salt Property 
of the Sea ? 

B. The Saltnefs of the Sea prefer ves its Wa- 
ters pure and fweet, which other wife would 
corrupt and ftink like a filthy Lake ; and confe- 
quently none of the Myoriads of Creatures whicl^ 
now live therein, could then have Being : From 

^ hence alfo the, Sea Water becomes much hea- 
vier y and therefore Ships of greater Size and 
Quantity may be ufed thereon. Salt Water alfo 

f Dr. Halley fappofes that ^tis probable the greateft Part of 
t)ie Salt of the Sea, and of 2011 Salt Lakes ^ (as in the Cafpian Sea, 
the'pead Sea^ the Lake of l/l^xico^ the Titicaca in Peru) is de« 
rived, from the Water of the Rivers which they receivea ( and 
fince this Sort of Lakes has no Exit or Difcharge, but by the 
Exhalation of Vapours, and alfo fmce thefe Vapours are entire- • 
\y freih or devoid of Salt Particles, 'tis certain the Saltnefs of 
the Sea and fuch Lakes muft from time to time increafe : and 
I therefore theSaltnefs at this time is greater than at any time here- 

tofore. He farther adds, that if, by Experiments made in diffe- 
, rent Ages, we could find the different Quantities of Salt which 
the fame Quantity of Water (taken up in the fame Place, and in 
all other the fame Circumftances) would afford, it wOuld be eafy 
from thence, by the Rules of Proportion, to find the Jge of the 
World vtxy nearly j at leaft, to deftroy the Notion of the Eter^ 
nity of allThings, Philof. Tranf. N<^ 344. 

doth 



doth not freeze fo foon as frcfti Water, whcnc» 
the Seas are more free for Navigation. 

j4. I remember Solomon obferves, that tho* 
all the Rivers run into the Sea, yet the Sea is 
not full, or doth not increafe ; pray is tlierc 
any aflignable Reafon for this ? 

jB. Yes I there arc two ReafonS why the Sea. 
doth not increa{e. i . Becaufe Waters return 
from the Sea j?y fubterranean Cavities and A- 
quedttds, thro* various Patts of the Earth. 2. 
Becaufe the Quantities of Vapours raifed from 
the Sea, and failing on the Land, only caufe a 
Circulation, but no Increafe of Water.* It hath 
been found by Calculation, that in a Sum^ 
mer^s Day there may be raifed in Vapours from 
the Mediterranean 5280000D00, or 5280 
Millions of Tuns of Water ; yet this Sea re- 
ceiveth not from all its nine great Rivers above 
1827000000, or 1827 Millions of Tuns/^r 
pay, which is but a third Part of what is ex- 1j 

haufted in Vapours ; wherefore we may rather 
wonder the Sea is not leiTened than increafed *. 

j1. I am very much pleafed with thefe Ac- " 
counts of the general Properties of the Sea: 
But, pray, what do you fay to that moft ob- 
vious and wonderful Fhcenomenon^ the Tide, 

or Flux and Rejlux of the Sea ? 

». 

* See the Calculation at large ki Philof. Tranf. N^ 1 1 2. or in { 

Joan* CUrici Phyfica, Lib. 2. Ch. 8 It h^^s been found that in 
the Years 1699, 1700, 1 701, 1 702, there fell at To^wnley in Lan» 
tajhin^ at the Foot of the Mountains, 39x§ 43, 4iTbt> 5 'to 
Inches of Water in Depth ; and at Ufminfter in EJJex^ thefo 
Depths were, for the fame Years, ijri, I9» iSy^-, 20t§ In- 
ches* But Dr. Halley found that the Depth of the Water eva- 
porated in a clofe Room in one Year was but 8 Inches \ from 
whence 'tis pl^in how much the Sun and Wind contribute to the 
Evaporation of Water, 

B,lt 
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B. ft is now very well known, that the 
Tides arc cau fed by the Attradion of theMoon> 
and are foipetimes encrcafed by the Attradion 
of tlie Sun conl|)iring therewith, as in Con- 
jtindlions, or new Moons, and thofe we call 
Sfirwg-^Tides ; fometipies the Sun^s Attradlion 
ad:s<:punter to the Moons, as in the Quadra- 
tureSi and th^n tjie Tides arc lefienpd, and arc 
what we call Ne/^^ides. 

' A. Pray bp fo good as to i||uftrate the J^oc-- 
trine of the ^idesby a Scheme. ' 

B. T will : Suppofe then C be the Earth, Pig. 
X5tXVII. on P fate XXll. fronting /. 262. fdr- 
rounded by Water l^N, M the Moon in Con- 
jun^idn with^ and O Ip OppQJOition to the Sun 
in S, and in her OHi^drature$ from the Sun in Q : 
Now it is plain the Part of the Ocean T, to 
whiah the Moon M is perpendicular, will, ^a-- 
vitate to the Moon more than lany other Parts 
in iht Hemtjpbere' eTh; and therefore the Wi- 
ter in that Part will become lighter than ufual» 
and fo will tuinify and rife up towards the 
-Moon, Oh the contrary, the Water in N, be- 
ing moftjemote from jthe Moon M, will bclefs 
dttradied, or gravitate lefs tawards the Moon 
^an any other Parts q( the Land or Sea in the 
Hemijp&ere ^Nj?; and therefore wiU keep at 
farilieft Diflance from the Moon, or, which is 
t^e fame Thing, it becomes lighter thap ufual, 
and tiimiJies on the Part N, contrary to the 
Moon M. By this Means th^ ^Ocean ,muft of 
'Neceffity conform itfc^f to an oval Figure, 
whofe Ipngeft Diameter is TN; ^nd the (hortfeir 
en : Now becaufe the Tides at T and N are 

S ex- 
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exiftent both at the fame Time, and oppofite to 
each other, it is evident, they following the 
daily Courfe of the Moon, that they muft .con«- 
ftantly fucceed each other under every Meri^ 
dianatthe Diftance of i2Hour& Time, and 
therefore twice each Day as we fee they do ; . 
Do you apprehend me fo far ? 
' yf. Yes, very well, pray proceed. - 

B. Then the reft will be ftill eaficr : For 
fuppofe (as Sir Ifaac Newton has) that the At* 
tra^idn of the Sun hi to that of the Moon at our 
Earth, as l to 4 -it»VA> or nearly i as i to 4^5 
that is, as ^ to 9. Biit Mr. Domkey has lince 
made it to be as i to 5 -roVtiirV or as i to 5, or 
more nearb* ftill, as i q to 51 ( whofe Numbers 
J ftiall ufef I fay, fuppoiing this be the Propor- 
tion of the Sun and Moon's Power of attra<^ing 
the Waters of our Seas, thfen it follows, that 
when the Sun and Moon are in Conjqndion, 
the Waters at T and N will be attra^ed by { 
both thefe Powers jointly ^^ but, when the 
Moon is in Square to the Sun^ that is, when 
thofe Luminaries are in M ^nd Q, then the 
Power of the 8uri in Q adls contrary to th^t 
of the Moon in M ; and then the Waters in 
T and N are raifed only by the Difierence of 
thofe Powers ; fo that the Spring ^i4es will 
be to the Neapl^des^ as the Sum to the Dif- ^ 
ference of thofe Powers ; that is, as 6 to 4, or 
9s 61 to 41. So that, if the Sun be able to raife 
the Water 1 Foot 11 Inches, the Moon will 
raifc it above 9. Feet j Inches,* and both toge- 
ther, about ^i i Feet, which |s ^ill greater 99 
the Moon is nearer the Earth. 

ji. Pray in what Parts Qf t^e Earth are th§ 
Tides gregteft of all \ Sf AbQHl 
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B* About the Equator or middle of the 
Earth : For the greater the Circle, in which the 
Tides, revolye, the greater will be their Agita* 
tion; and were the Moon placed in the Pole, the 
Tide would remain immofvable about that Pole* 
^ ji. Are the Tides always largeft preeifely at 
the Time of. new and full Moons ? 

B. No ; for by Reafon of the Water's Li- 
bration, diofe Tides are ibmewhat changed^ 
being greateft about three Tides laten 

A. Are the fame Tides (viz. Springy or Neap) 
in the fame Place, all the Ye^lr round equal ? 

J5. No 5 for, as I ftiewed you a while ago, 
the Earth is fomething nearer the Sun in the 
Winter than in the Summer ; therefore the 
greatefl £4uinodial Tides are obferved to hap« 
pen fome Time before the vernal Equinox, and 
after the autumnal One. . 

A. Does the different Pofition of the Moon 
in her Orb make any Difference of the Tides ? 

B. Yes ; becaufe in thef diurnal Revolution 
of the Moon, th^t Tide of the two ought to 
be grcatefl, in which the Moon is neareft to 
the Zenith or Nadir of the Place ; therefore 
with us, the Moon being nearefl our Zenith 
in the Northern Signs when above the Hori- 
:^on, mufl; then caufe the greateft of the two 
Tides when (he pafleth our Meridian ; but 
being neareft the Nadir ^ when in the Southern 
Signs, fhe makes the greatefl Tide here, when 
ihe pafTeth the oppotfie Meridiaui below the 
Horizon •{•• A. Do 

^ -I* Thefe and all other Afltsaions of the Tides arifing from the 
. different Latitudes of Places ^11 beeafily and befl onoerAood by 
' Fig. LXVX. on Plati XX. fronting f, 233. Whero APEp it 

S « . . thf 
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j4. Pq dl thde Pi^iMMAmtf taf the TMes a- 
gree ^ith Ob£brviliofi$ cveiy where» or in alt 
mtsbftheSeaf 

B. Very fodicicntly in the mmm Oceans { 
}mt Are more or lefs altered and intermpted in 
B^^s^ Straits^ MavenSy iK. where thoib gene- 
ral C^ufes cannot prodtiice their Elleds jfreely^ 
And thus I ka^e related tp you aU the gentry! 
Afk^ons of the Ti^et, which 700 txmj re^ 
duce to particular Cafes 3rburfel£ 

jjp SfTy I atti extmsbely obliged *to fou ; 
pr^ teH me in the ntfxt Place whence F^imtfim 
9Spd SftHHj^s tnay arife f 

die 'Earih epferad over with yery Jevp Witdrtt C its C«nMv j 
{'p sti Polei, AE tKe Equinoi^aU ff the Laiitade of aTlace, ' 
pi atAothtr at ecjtial Biftance on the oth«r Skletlit^qiiHMidiij* ' 
Hf kf tfaae^iro Points •w^mre tlie Moon is Tenia}* andiet ^ |ie 
1^^ great Circle whereiii the Moon apftears horizontal. 

I^ is evident that a Spheriod deferibed ui$Ott till Stifd Kk flmll 
IMliTljr itptiefcfnt die Fl^re of theSM ; tad CI, DD, CPiaad €d, \ 
toU bed^ Htiglits of the Sea hi the PJaces, f JD,'F^ 4 ; in att ^ 
which \% is High ii^atir : and feeing that i|i 1 2 llpnrs Time, by j 
Oir dhUD^^ Rbtflthrir of fhe%idth; the Pokit P 4s sransfemed'to f» | 
aiid d to D, the iiei^t of the Sea CF will be ^tmiXHiih Wm^r 
Whpn tbe Moon is prefent, and Cf that of the other Bigh Wa* 
fif wben the Modn Is uAdtr the Sarth ; which in &it Cafe of diis 
l^sgnre is lefs than the former CF. PorCVis ii0iir'0iegf!eateftiic- 
l^n^dfaHteter-of tke^ilieriod CH>;aiid Cf is^eavdl thekaft CK« 

And in the oppofite Parole! Ibd, the contrary hs()»pens ; the 
flijSirg of the Water beity| always thernately 'greater and Mk 
ita^oich Pllxe wImS^ it Is f rodooed by d^e Moan's tltcHonng €en» 
^bly from tl^e Eqniaodial* that beii^ the igreateft of the two 
fJtgh tFaiirs in each diurnal Revolution df ehe^MiM>ti, Wherein 
|he ap^acles iiiitea eititer to the i^imfh or if^ib^ic^f the Place. 
(^Ojofaqnently, the Moon in |be Nonhem fiigas in that Past 
pf the World ipakes the greatell Sides wl&cn above the Ban hu 
^in Ae Southern ^rjftnWben nnder the^tal<hi ibe EHMft 
HeiagiAytrays the greateit where the Moon is fai^eft fiwn fSa^ 
fimxon either above or below it ; and this alternate Increafe 
#tfd J>earea4^f th<5 Ti^ baabfenobiefved to hold .gaod on 
^e Coaft of £i$land^ ^ BmJ^l by Captain ^iunfvjff and «| 

^. Fountains^ 



0/ Founfaim md Sjfrings. Zjy 

M. Pountainsy or SfiringSy are of two SortSi 
viz. I* Thofe which run in the fFinte^, and 
dry up in the Summer^ called temporal : And^ 
2. Thofe which conftantjy keep running, caU 
led perennial Springs, Tempi^l Springs arife 
genertUy from great Rains which fink thro^ 
the SurfiEure of the Earth, And are colle&ed ii| 
the Crevices, and fubterranedus Veins and 
Channels, and feveral fmalUr ones tinitingi 
form larger Courfes which tend thro' various 
Windings and Declivities^ to fome Part of the, 
Earth's Superficies^ where die^r break thro^ 
and difchafge (henifelves in little Streams and 
Brooks« Thofe which are called perennial^ 
are fuppofed to derive their Waters from th^ 
Ocean i^lf by Duds and hollow Pafiagei 
nuuiing thencci through the Bowels of th« 
Earth to various Parts of its Superficies, virher4 
they difcharge themfelves as do others* But 
many very learned Naturalifi3 dre of Opinfon^ 
that thefe are fupplied with their Wdters^ if not 
wholly,, yet, chiefly by Rainy as well as tainpo* 
ral Springs. The Learned are varioufly divid- 
ed in their Judgnients abg<|t the Original 9/ 
Springs : However this we know^ that Lake$| 
Wells, and feveral Streaips, j^nd fome gr^^t Ri# 
i^s, owe their Original intirdy to Springs j as 
alio all Baths and Fount$ut)s, are only a Col« 
le^on of Waters iflUing frpoi thofe springs %4 

A. 'ti* 

X The great Nateber of tborfe Whd hdld th^ Springs are de* 
;kited ficom the Sea, and of thofe who afcribe their Original tCI 
Kaiii and diifolved Snow, fee in Johnftm*^ Q^aeft. Philofophicaa^ 
Cap. 2. Qneft. 54. 

Dr. JToodwatd hat an Hypothecs \^hicK ttlkeflr tlfe Ortgiii tff 
toaaiuins to cdiifift in an Abyfs of Wafers in the Bowels of thtf 
fiarth ; whklkWatir^ hcfays, is made xti afeend hy Means of fnb^ 

S i If nraataa 
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jf. 'Tis true that I can fee with my Eyes r 
But, pray, whence m it that their Wsfters have 
fuch vaftly different Qualities ? 

B. From the Qualities and Temperament of 
the Soil or Earth through which thofe fabter-^ 
ranean Waters pafs. Thus thofe Waters which 
pafs thro' Lays or Beds of metallic or mine- 
ral Earth, carry along with them fome of thofe 
mineral Particles, and thence become endued 
with the Quality of thofe Metals and Minerals ; . 
and thus we call them mineral Waters^ of which 
* there are various Species, as ^r/V/, bitter ^ bat^ col J, 
cify orjaty coloured^ boilingy petrijying^ falt^ ficc.. 
which conftitute various Kinds of Baths and 
Wells of medicinal Waters : Thus thofe Waters 
which boil up boty are made fo by fubterranean 
Fires and Fumes of Sulphur, and other inflam- 
mable Subflances. Thofe which are fah^ con- ^ 
tradt their Saltnefs from the Quantities of Salt | 
they pafs through in the Earth; and thofe «\ 
which are oily^ &c. from the fulphureous and 
bitummous Matter melted in the Bowels of the 

terranean Fire. But Dr. Arhuthnot has refuted this Dodrine in 
his Examination of the Doftor's Hiilory. ' 

AH this Time the moft plaufibic and coinmonly received Hjr- 
pothefis concerning the Origin of Fountains^ is that of Qr. Edmund 
HalUy^ viz. The Condenfation and Precipitation of Vapours from tbi 
Tops of high Mountains hy a cold and rarifed jf^ ; • Whttc, fays he, 
theWat^r gleeting down by the Crannies of the Stone, Part thereof 
enters into the Caverns of the Hills, and gathers together as in an 
Alembic intq the Bafons of Stones it finds ; which being once fil- 
led, all thjB Overplus ruus over by the loweft Place, and breaking 
out by the Sides of the Hills, for;ns fingleSprings: Mahyofthefe 
running down hy the Vallics form RhQuUts or Brooks ; many* of 
theife uniting their Streams in the Valley, and gaining plain 
Ground, become iefs rapid, and form a Ki<ver. And many of 
thcfe being united in one common Channel make fucH Streams 
as the Rbim, the Rhomi thfe Uaniiie^ &c. Philof. Tr^nf. N'*. 192. 

Earth 
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£iartli by Meat 4nd Spirit ; and fo of the reft. 
Thus Varenius. ' 

A. Pray, to Goncliide this Head^ what do 
you think of the Original of Rivers ? 

B. Some of them rife^ as I faid, iihmediat6«- 
ly from Springs thcmfeives i others form the 
Conflux of many fn>alier Streams^ Brooks and 
Rivulets, which together make one great Cur- 
rent or Stream* Lafily^ Vaft Defluxions of 

^ Rain, melted Snow, condenfed Vapours/ G^r* 
from the Sides of high Mountains, tear up the 
Earth, and form the largeft Channels and Ri« 
vers in the World, whofc rapid Streams all run 
into the Sea in fome Part or othen 



CHAP. IV. 

J^HY'toGRAtHV, or the pHiLosbi^kV ^ 
PLANts and Vegetables, ^/'Vege* 
TATiOK, bf their ProduSlitm^ of the Seeo^ 
and Seed-Piant^ of the Root, of the Blade, 
Stalk ^WTntiNK, of the Bud, Leaves 
and Flowers, of the Fruits &c, of the 
PERStiRATioM bf Plants^ &g. 

;^» T) L E A S E, Shi to explain to me the 
J; Word Phytography ? 
B. It is compunded of 4fuTtVy a Plant ^ and 
rji«*i7> A Difiripiion j and thus it implies a 
pby/hlogical Defcription of Plants,. and all Kinds 
of Fegetablesi, ' . 

..•4 ^*y» 'S/r, what do you call Vegeta-- 
blest / « 

S 4 B. All 
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B. i^U fuch. natural Bodies ^ as groW tod in- 
^ creafc from Parts organically formed, or ferving 
as.I^ftruments to convey the Prinoipies 6f vege- 
tative Life 5 bftt have no prc^r Life or Scnfa- 
tion J fuch as Plants, Shrubs. aiid Trees, 
• ^.. Pray, explain to ifae what you mean by 
vegetative Jjife^ or Vegetation ? . ... 

J?. That Faculty or Quality Vi^hich Plarifi 
^re endued withal,, whereby they attfadi Nou- 
ififtiment, or nutritious Juices from Earth, And 
which circulating their Siibjfeiice, Ciiafeth it td 
extend^ unravel,, or unfold its Parts by Degrees^ 
ji}i at length every fart turns, out in iti prc^r 
Form and Sitp,. and (hus the Plant ife p^VfoiSed^ 

A. Do you fay, that the vegetable Life and 
Growth of Plants and Trees proceeds from the 
Juices of Earth, and not from tiie Earth itfelf ? 

B. Yes, and that is the Truth : jFor Mr, 
%yie found hy fextodfime^t, that a ¥^aht of 
3 Pounds, and after ma% a Plant olri'4 rounds, ^ 
was produced dfroni a'Cj^ah'tity 6f Earth, wa- 
tered only ivJth Rain or S^Jhg Wafer, wtiich 

'- loft fcafce any Thing of its^ WeigRt^ feeing 
prccifely weighed dry, bfefcJfe and alter 'the 
* Produdion of die Plants. 

A. Indeed, I cannot fay but fuch an Expe- 
riment undeniably «^foves., <hat l^lanfs Vdfceive 
^eir Growth and Wei^glit from "the Moiftrfre of 
the Earth altogether, arid not Troni "the 'Siib- 
fiance ^'(tf the Edi^thiff^^^^^ 

^\ Yes, f t:ah gi^e a more convihc^ Ih- 
Aance yet ; Van Helmon^ dried 206 lb. 6i Earth, 
&nd . therein planted ^a Willofv weighing \^lb.^ 
which he watered with Rain or diftilled Water ; 

and 
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and to fecace U from mher Barth getting in, he 
Gov^ed it with « perfbtited TinCdfe^ : Aftet 
5 Yeats, vi^ighing the Tree Wi^i all the Lifted 
it had borne in that TimCi he fdtind it tb weigh 
169 a. 3 Ouncel, but the Earth to haVe loft 
dhlf about 2 OuilceS of it6 Weight *. 

ji. Sir, I am fully conVittted and fadsfied et 
l&is Matter : fiat, pray, h»W is the firft Gi?4^ 
ration or ProdU(aidn tyf Plants ac^bunled fbr ? 
• B. Ail Pliants and Vegetib]i6 ire iihniediate. 
ly fnrodac^ and ^n^tid ff^tta foine Putvnt 
Pbtkt, 0r PegetSk Siffdi ofth^ftthe Specie. 

J. Hbw cah this be, whltn Pkttts iiave been 
often found to grbW WbOre Seed« Were netfelr 
fown, or could come ? 

fi. Thet% may be a thrce-fbi^ Anfwer jgiVen 
to your %^ry .♦ For> i. ^fis ipoMAs thcfe 
FlaAts may fpring Ircfm ^eds i^ich ihay have 
WthhlA in the Earth ih thofe ttaees nCtore fliaa 
^e Age of Man j for fome Seedg tetain ^htk 
FecMrtdfly 40 6r 50 YearS. 2. They might rife 
fcbm ^eed wafted thidief hy the Wind, ,w}»eh 
by Reafofi of its wewderfol, SftiaMncfs could 
M. be f^en. 3. fhote Seeds alfo mi^t b« 
brought ttuther in die Dung d£ Ammh ^ 
firft, and fo incfe^fe. l^owever, nothifig can be 
thofe e^c^iially confuted thiui the ia^eiftldai 
Doftrine t^ lAKj^ntanedus Proidu^iotiy or equr- 
^cal Gmerdiidh 6f Plants or Atiimak, in the 
Wo^6 of modem NaturaHfts -f-. A* Wefl 

♦ Sec klfaDr.'K^^i«ftt<«r/s Ex^eriihents itlatifeg to this iKTar* 
JSfcr, PhileCTrtmf.'N^' 253. \firiirfiVs Leitedn utitffer tlie Wdr4 
Vigtiatitm^ BT In i1^^' PMk/ijihical Library, a^der the ^itfc 5#- 
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A. Well then, fince you will have it that : 
roery Plant is produced from the Seed of a 
Plant of the fame Species, be pleafed to ex-^ 
pkun bow this may be. 

B. It is the Dodfarine of modern PbyfiokgiJIs^ 
that every Seed hath in itielf what they call 
Planta Seminalis^ or Seed Plant j that is, that 
the Plant which is produced from the Seed, ia 
really and formally contained in the Seed (be*»' 
jtore it is fown) in Miniature : and when the 
Seed is fown, the Parts of the Seed Plants now 
in EmbryOy begin to vegetate, unfold^ dilate^ 
and at laft burft the MatrUc-Seed^ and fo fwell 
cmt of its native Bed of Embrymifm. 

ng^ £Uii,,tven, of ibiir ovm Aceordp or wsth»i Seid ; and thit 
in regard o£ Animah is caird Equivocal Generation^ whereby. 
^y are produced without Parents in Coitu. ' ^ 

That' this. Dodrine is diri&ly A$biifiical is but too manifeft i 
for fappoiing the Generation of fome Plants and Animals to be 
^ontan^ous or cafnal now» we can*t tell but that the Genera- \ 

tion of all might have been fo at firft ; and if the Being of any 
Thing be cafual, or proceeding from Chance^ *tis certain all w0 
can find in the Nature or Compofition of fuch a Being muft al* 
£> be fortuitous or by Chance. And thus all the Argument^ 
derived from the wonderful Mechanifm of the whole^ and the 
{brprifmg Stru6lure of the feveral Parts of 'vig^tabU and auimat 
todies (the two great Magazines of Namral Religion) are ut- 
terly deftroyed. But this is fo notoriouily contrary to common 
Senfe and Reafon as to need no Refutation. 

Indeed to thofe who know not the Ufe of the Microfcope« 
and have made no nice Enquiry into the Nature of Things, buc 
confider^evef y Thing in a rude and vulgar View, there may pot* 
fibly appear fome fpedons Arguments for J^tamous Gemru* 
iionf but diey who are willing may fee them all confuted iit 
Bentlei% Boy/e^s Left. Sermon 4. Derbanth Phyfico-Theol; 
BooklV.Chap. 1 5. Note (i .)fratf sPhiM. EOays, Effay 9; fToi. 
/^011'sRelig. of .Nature, Page 88. Fr. iR^^ Exper. Nat. &'de 
Gen. Infeaarum..;?«)r*s Wifd. of Qod» Page 344. Oerici PhyH 
Part IV. Cap. 2. § 33. & feqq. i^^r/s Antidote againftAthe- 
ifm. Book 11. Chap. 6. Harrh'9 Lexicon at th^ "^ori Genera^ 
tion. With the feveral Authors mentioned in Johnfin\ Phijof* 
Quasft.Pagc 26,27, a»d33r 34- 

A. Pray 



\ 



v» 
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A. Pray how came they by fuch a ftrangc 
Notion of the Produdlion of Vegetables ? 

B. By the help of a Microfcope ; for thereby 
they have difcovered and fcen the involved 
Stamen of the future Plant in every fingleSeedj 
which is a very curious and delightful Spc£beclc 
indeed:!:. 

A. Why then, according to this new Doc- 
trine, the firft Original Seed of each Kind (at 

V the Creation) contained in it all the future 

Seeds and Plants which were produced from 
it in all fucceeding Ages ; and yet itfelf no 
bigger then, than we fee it now. 

B. Yes, it did fp indeed ; and what is prov- 
ed to be Fa£t, cannot be called in Queilion. 

A. I cannot help queflioning it ; is it pofli- 
ble, for Inftance,^ that one of our white boil-* 
ing Peafe (which is capable of producing above 
an hundred-fold each Year) (hould at the 
^ Time of the Creation contain within its fmall 

globular Bulk (about ^ of an Inch Diameter) all 
that yearly Produd of Peafe^ Gods, and Haulm 
or Stalk, of that Kind everfince? 

J5. You know Matter doth confift of Parts, 
or Corpufcles, inconceivably fmall ; and to raife 
your Admiration the higher, let us make the 

X By the Stamen is to beunderftood thofe Rndiments orfim' 
ple original Parts of a Plant or Animal which firft exift in the 
EnJnyo or Fattal State, or in the Se^d i and which afterwards, 
by Diftin&ion and Accretion of nutritious Juices, extends iu 
fdf to its tttmoft Bulk, and then the Plant or Animal is faid to 
be perfe^ly formed, or arrived to its inature State. This^ in 
Plants, is likewife called Germen or Germ^ alfo PlantiJi or fmall 
'2 plant : and may be feen in all Seeds with the Microfcope and 

in fome with the naked Eye, as the Bean, and efpedally the 
Kidney- bean, where the yciy Ribs of the Leaves of next Year*i 
Plant are vifible in the Seed of this* 

following 
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fcUowing Calculation ; Suppofe in your own 
Cafe^ that one white Pea will produce an 100 
in the firft Year 3 then thde 100 will produce 
each an 100 more the fecond Year^ and fo ii« 
all loooo $ thefe would produce in the third 
Year i oooooo^ in the fourth Year i oooopooOj 
in the fifth Year 1 0000000000, and (b on» in- 
creafing each Year in a geometrical Proportion^ 
whotk common Ratio is 100 ; fo that the Pro^ 
dtt£l: in aoy Year will be exprefled by a Number 
coniifting of an Unit, with fo many Cyi^cra 
fnnexedj aa ^ equal to twice the Number (x« 
prefiing that Year ; therefoiie fuppofe the Age 
of the World were 5673 Years this prefent 
Year» then all the Peafe produced from that ooe 
TtBif to this Time» would noquke a Number, 
confiftiag of 11 346 Places of Figwes> to ex-^ 
fxe&them: £ttt the NuQiber of Peafe {reckon** 
iog 50 to A Foot in lieqgth) which would be 
MMtfained ia a Cube circum£:ribiog die (kb cf 
the Plaaet Sstmrn (which Orb is 1554000000 
Miles in IjKanKier ) would xeqime no moPe than 
44 Places of Figures to cxprcfs them: The 
Cl^antity of Peafe hitherto produced would c^ 
fual iudit « Ntumber of tfapide mwociA Cttbe$^ 
as wfNildrQon^jft, of i ij^v^ Haoes lof Figuses > 
which is vaftly beyond all Comparifon and 
iwRBaii Tfaoi^t 1 Bofides liie f ar gresfter'Qaatx* 
lity t)f Hauhn, Cods^, Roots, Leaves, &c. 

JL Well, thole wihe ai;e bleft with the Cift 
aCOreduiity to Relieve any Tiling, may bcHcvieF 
&is i for my Part, I think it's the greateft Im^ 
poSSk^ii^ that m fmall Pea fiiould contain the 
Qja«f«^ ^ Matter be&refaid, which isXufE- 
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clent to fill MiHionfi of Millions of Millions of 
Worlds. " 

B. Then I find there is no making a modem 
modiih Philofophcr of yon, 5^, in crcry Point. 

A* No, 1 cannot but think in this Cafe ihcy 
Me fomc Way miftakcn. I remember you told 
me the ^v^jsx were often deccfived by Vifion 
fvithottt a Giafs ; and it is poilible the Learoefl 
may jfbmetimes "vritii one : But leaving this to 
die Inventors, phgr what Kind xH Proccfe doth 
Nature take to iraue the Pknt from die Seed in 
Ae Ground ? 

J?. Theiyiethod ofNatorehcre (as in dl'her 
other Works) is nioft admirable, as will appear 
in the rtirious Mechanifm and Conftru^on of 
ft Sean Root, ibr Inftance j (See Vig. XXXVfll. 
wi Piatt XKIL fronting f. 262.^ In that ft- 
ftire AB reprcfents the two Ltmes of the JBeao 
flit, which are joined together by a litde white 
Cprig in O ; in ^ach LobeyoU fee the Brandies 
naa^ of that called the Seed Root .^<, levcry 
where difplay^d lihro* ^ fiodjr t>f iJhe fileaQ : 
^Thcfe Branches of the Seed Root te •feed the Ht- 
' tie Sprout, or Earth Root ir ^dcfcendi^g flown- 
Wards) with ^the Piilp or Matter t)f -the Bean 
fprcpared by the Ferment of -the Earth) till 
me foid Bai^th Root is capable of pc n c ft radng 
ftst Bartfi, and esctending its ftrrtsfbfficicndY t* 
nough to extract, for itfelf and the Hant -it is tp 
iuift^, Kt>uriftiment from the Juices and Moif- 
ture of the Earth : For from this Earfti Root 
there '5^ingc^ upward the Sprout F, xaffled^br 
pr. Grew) the Plunrn or Feather ; -and in <hi8 
Flumia, and iihe Earth Root together, is -con- 
tained^ in Miniature^ all th^ future Plant. 

. A. Why 






^86 711^^ Philosophical Grammar. 

A. Why then it appears, that the Matter or 
Subftance of the Bean ferves much the fame 
Purpofe to the Seed Root, as the Yolk of an Egg 
to the Embryo Cliick; or as the Earth doth sd"* 
terwar^s to the Rg^icle, or Earth Root itfelfi 

B. >yes, it doth fo ; and having enabled the 
Earth Root to ihoQl into the Earth in order to 
procure ^i^ own Ntnirifhment, it is then by 
Means ttf the Seed Kbot, turned to the Ufe of 
the Flumai caufing it/lfo to fprout upwards, 
in order to^bcicome a^Trtfnk hereafter, 

A. Whaii becomjps of tHofe Seed Lobes AB, 
when the Earth Root no longer requires their 
Ufe. •* • / 

J?. They ^e, in moft Seeds, carried upwards 
with the Plunui ont of the Earth, after which 
they compofe the Seed Leaves^ as they are 
called, as in Cucumbers and French Beans y we 
fee them. 

A. What is the Ufe of thofe Seed Leaves to 
Plants? 

B. The Effeds and Ufcs of thefe Seed Leaves 
(faith the learnefl Malpigbi) are fo neceiTary, that 
if they are pulled off, the Plant will not grow ; 
or if it (hould any Way increafe, it won't be 
compleat, but always defe<ftive. The Learned 
are divided as to their particular Ufes to Plants. 

A. In the next Place, pleafe to let me know 
particularly in what Manner the Root of the 
Plant procures Nourifliment for its Growth and 
Increafe ? 

B. In order to this, I muft fliew you the 
Make and Conftruftion of the Root, and,, as it 
were, anatomize the feveral Parts to your View; 

and 



-*. 



•4, 



I 



r 



t 



Vegetation and Growth of Piants. 287 

^nd then point out their Ufes. To this End, I 
fliall choofe two Roots, viz. a Root of fFcrm^ 
.woody t^ Fig. XXXIX. on Plate XXllh front- 
ing p. zSy. and a Horfe Radijh B^oot, Fig. XL. 
on the fame Plate 5 in each of which, T; re- 
prefents the Root cut tranfv'erily'as it afpe^fS to 
^ , the naked Eye ; The other jy^eat :ly[ua^;mtal 
Figures gre each a Qnarterf,of the afbrje£ud 
Sedion T, n^agnified to thci^%ht hy^zUfficrO" 
fcope ; which uius inlarged, (hews the J^arious 
organical Parts of which ins (roq^pofed,^ and bj 
which Vegetation is pe^orme<L "-f' 

A, And does this Gl^afs, indeed, tl}U3 mag- 
;nify and inlarge the fmaH Section X? Wbit 
wonderful Difcoveries havq- been reeved for 
this curious and inquifitive Age ? Pray defcribe 
to me the difierent Appearances of thofe mag- 
nified SefUonSt 

Bf I will in the. following Order, i. A^ is 
the Skin or Rind, or putward Membrane in- 
cluding the Root 2, From A to C in the 
Wormwood 'Root is the Bark, which is a mem- 
branops 3ubftance, confiding partly of a great 
Nuniber of little Bladders oc Veficles BBB ; the 
fame is reprefented by AB in the Horfe liadijb 
. Root : It alfo confiileth in Part of a lignous or 
woody Subftance, as from B to L in the Root 
laft named. 3. The Wood of the Root is all 
. that Part between B and E ixi the Horfe Radijb 
Jloot J and from QC, to the very Center in the 
Wormwood Root. 4* The Wood of the Root 
ponfifleth alfp of two different Subfrances, n)iz» 
9> lignous One, properly the Wood as EEE, and 
9. parenchymous one^ like that of the Bark, as 

DDD, 
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DPD, initrted regularly between the Portioiks 
ef Wood I diefe are very diftind in the Wbrn$^ 
m»od Root, but in the Radijh Ro(^) and in fe- 
^veral others^ they are not fo vifible. 5. In the 
Wood you fee the Orifices of feveral Tubes, or 
fioHow Veins aftaa^ which are the Mouths of 
Air Veff^ls. 6. From G to E, in the Radijb 
Root, is anodier little Ckcle of VeiTels, like 
^oie of ^e Bark. 7. Lafily, From E to the 
Center, in the RaJiJh Root, is the Pith, which 
^ponfiftethof <ibe fame parencliymous, or fpongy 
Subftance of Bladders, as doth the Bark, and 
Firt of the Wood ; but the Pith is not com- 
iiion to all Roots as you fee there is none in tHc 

A. And, pray« what is the \K(t of the feve- 
%^ Parts of die Root now defcribed ? 

jB. The Bladders in the Bark render it a 
•ipoogy ^ubflance, which therefwe is fit to im- 
43lbe and fuck up the watery Parts of the Soil, 
which «e impregnate with tKe Principles of 
*V€^etaMe Life and<5rowth : This impregnated 
ISv^tcr imbibed by the Bark is what we call thye 
4Rat^ J -the Skin of the Root ferving as a .Fiitre, 
«oftrainand puri^fy k at its firft Entrance. '^. 
"The ^p thus ftrakied and imbibed, doth fer- 
ment in the Subftanc^ of the Bark, wl^ercb^ 
it becomes farther prepared, arid fo doth more 
^9fily iniinuate itfeif into theparenphymous Sub* 

• iThc Wqpd ?^^cJ^f9UL )V|ts foi:merIy \i(^ ff^^^^%» ^t 
re^.flefliy SubfUnce^wl^ich li^ .bemeen the Intei^ic^ pf,^^ 
^Cflflels In die Bowek, aiid gives them their Boltc ; as in the &• 

fignify the foft, fppngcp^is, ^r^xdpy P^iits of .«iy ^pdy, ?s^f 
•fhc Leaves, Roots, &c. of Plants. And hence *tis ufual to fay 
iuchf 4it$ arc Partnciymm, that have fuch a Matter and Texture. 

Aance 
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ftatice bf the Root j whereupon, partly, by the 
Appulfe of frcfli Sap^ and partly by the pulfim 
Motion of the extended Bladders of the Parenr, 
ebyma^ the Sap is forced thence into the otlier 
Parts of the Root 3 and is flill more aiid morQ 
flrained irr its PalTage from Bladder to Bladder 
3. The Sap^ thus diftributed through the wholo 
Root, doth fupply its organical Parts with thofe 
Principles of NoUrifliment which every one 
requires ; and thus the Root, by the conilant 
Application of thofe nutritious Principles, re- 
ceives its Increment^ Solidity and Growth, or 1?^* 
getative Life and Motion in every Part* 

A. To what End do thofc you call Air-Vef* 
fcls ferve ? . 

B* In them is contained a proper Kind of 
vegetable Air or Vapour, which fcrveth to fer-* 
ment the Sap now entring the ligneous Partj 
the better to qualify it for Ailimilation, or 
Uniting therewith, 

A, Why, I pray, do the Roots of foiiic 
Plants yield a milky Juice or Liquor, and others 
a clear watery one, when cut ? 

B. Becaufe that in each Root, the t^'luid or 
Liqjior of each organical Part is made chieflj^ 
by differi^nt Filtration of the Sap through the 
Sides thereof) therefore thofe which flraif) 
more freely the aqueous or watery Part of the 
Sapy contain a Lympha or clear Water, and are 
h^nce called LympbaduBs ; and where thefe 
are moft numerous in Root?, fuch Roots 
when cut will bleed a Lympha. As on the 
other Hand, thofe Veflels, which are difpofed 
to admit the oily or balfamic Part of the 
Sap moft copioufly, are called kSliferous Vef^ 
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fils*^ and Roots, which contain a great Plenty 
pf thofe, will, when cut, bleed a milky, oily, 
or balfamic Liquor. 

A. When the Root is thus formed, and in- 
flrufted with all its feveral Organs of Vegeta- 
tion, as you have now related ; pray which is 
the next Step . which Nature takes in the Pro- 
duftion of die Plant ? 
/ B. The Root being now become the Procu- 

rator for the future Plant, doth by e^trafling 
ftom the Earth, by its Veffels, proper vegetable 
Juices and Aliment, adminifter or communi- 
cate the fame to the Pluma^ or Seed Plant (fu- 
ftained 'till now from the Subftance of the 
Seed by the Seed Root, or Seed Leaves) and 
thereby caufeth it to' fhoot forth vigoroufly and 
increafe, and gradually . to fwell out or unfold 
all its Blades, Branches, Buds, Leaves, Flowers 
and Seeds again, from various Parts of its Stalk 
or Trunk. ^' 

A. Then, I fuppofe, the fame Mechanifm^ 
or Apparatus qf organized Parts is continued 
fron> the Root to the Trunk or Stem of the , 

' Plant for the Communication of this vegeta- 
ble Suftenance 5 is it not ? 

B. Yes; and that you may fee it is fo, I 
have taken Fig. XLL on Plate XXIV. fronting 
jp. 290. from Dr. Grew for your 8atisfa(ilion : 
In which T reprefents one Quarter of a Sedtion 
of a hazel Branch as it appears to the Eye ; 
AGB is the fame as it appears through a good 
Microfcopei whereia AB is the Skin 5 ABCD 
the Bark • QCJQ^ the Parenchyma of Bladders,, 
or Sap Veffels j HI a Ring of a fpecial Sort of 
Veffels } PP common Sap Veffels > CD^F the 

ligneous 
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Ugriectis Subftance, or Wood^ of three Years 

Growth ; KKFE the Wood of two Years ^ 

MNEF the Wdod of the firft Year j XX the 

parenchymous Infertionsj O the Pith full of 

i Veficles I the black Parcels are the folid 

Wood ; thofe numerous Holes appearing all 

mtv the fame, are the Mouths of Air Veflels 2 

Thus you fee the brganical Conflitution of the 

' Stalki or Truhkj is the fame with that I before 

y^ (hewed in the Robt^ / ' ' 

A. It is fO' indeed, and I ani furprized to fee 

fuch wonderous Contrivance and Analogy of the 

Organization of Vegetables! But, pray, goon. 

' B. The nutritious Sap afcends the firft Year 

of a Plant^s Growth by the Veflels of che Pith ) 

ftfter which' the Pith becomes dry,*and fo con- 

tmues* .2. The next Part/ thro* which the 

Sap rifcf hi is the Wood^ by the Air Veflels, and 

; that only in the Spring* 3; The third Part, by 

f^ which it afcends, is the Bark, as beforefaid^ 

the greatcft Part of the Year j and this is the 

general Theory of the Motion of the Sap *, 

* Thus tkc learned Dr Grew; but it is i, Matter of great 
Controverfy how tHe Sap afcends, and what Courfe it takes aftd^ 
, is is imbibed by the Roots, whether it is by the Barky the Pith, 
or the IVoodj Or all as abovementioned. The Retainers to each 
Hypothefis, anii' the Arguments produced to fupport it, fee iii 
^/ttfw's Noteji t<^ 'ft^f/^Asi/w^'s Chemiftry, p. 146, 147, and i4if 
4)f the Theory. 

Some Naturalifls ftrotigly maintain a Circulation of thi $af id 
Plants and Tieesrikit the Reverend Mt. Haiesy in hh y^egetahfi 
Statics, willAojc.?LUq>K it, buteindearours to, prove the contrary* 
Vol. I. Exper. '4(5, Sfc.. 

Dr. Soerhg^MKsLyi, that flncfe the Sap is furniihed by thtf 
£arth, it will confift of iomc fo^I Parts, fome Parts delivered, 
from the u^/> .and (Rtf/Vi». and others from putrefied Animah, 
Plants, fefc and that therefore in Vegetables ane contained all 
Kinds of Salty OiJ, Water y Earthy ind probably all Kinds of 
Metals too,, fmcc their Aihes always afford fomewhat which thtf 
Loadilone attraftf. Theory of Cbemijiryhy Shaw, P^ge 147* 

T 2 ' ^. But 
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A. But, iince both Root and Branch coni* 
tain Air Vcffcls, pray, in what Part of the Plane 
doth the Air firft enter it ? 

B. The chief Entrance of Air is at the Root, 
along with the Sap ; but it alfo enters more or 
Icfs at the Trunk, Leaves, Gff. Parts of the 
Plant : The Air, or airy Part of the &ap^ be- 
ing thus raifcd in its proper Veffels, is filtred 
tlirough the fame into the Veficles of the pa- 
renchymous Infcrtions in the Wood ; and tljus 
is diflributed through all the Parts of the Plant 
or Tree -f-. 

A. Pray why are the Stalks of fomc Plants 
hollow within ? 

B. Partly for the more expedient Ripening 
of the Fruit or Seed, which is better elSeded 
by a more plentiful Supply of Air by thefc hol- 
low Trunks ; and partly for the better deter- 
mining the true Age of the Plant; for the Air 
in this Hollow, by drying up the 5^^, fhrink- 
pth the jSisr^-VeiTels fo far as to hinder the Mo<^ 
tion of the Sap therein \ whence the^ Plant muA 
perifh of Courfe : ' Hence it is, that the greater 
Part of annual Trunks are hollovy. 

A. Pleafe next to fay, whence the Form or 
Figuration of the Trunks of Plants and Trees 
proceeds^ 

B. Chiefly from the Air in the Air Veflclsi 
Thus almoft all Shrubs have a greater Number 
of Air Veffels> and thofe of a fmaller Size ; 

. -)* yk^ Ualn has pramed by many curious ExpenmentSi that 
all plants perfpirc in a con fid era blc Degree/, but Ever greent. 
the lead of any. He difcovered that the Quantity orNourifii- 
inent imbibed and perfpired in a Sun Fionuer is to that of a Mao» 
^ttlk for Bulk, a* 17 ta i. Vtig^t. SiaticSf JExpcr. i. - 
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which therefore, moft eafily yielding to the 
magnetic Attradlion of the external Air, do 
confequently fpread much abroad,: by which 
Ipreadiflg the Air Veflels dp fooner, and more 
•^ftfily ftrike into tfie Bark, and fo produce col- 
lateral Buds and Branches, and that upon the 
" iirft Rifing of the Plant from the Root; and 
thu5 it becomes a Shrub : But, if the faid Air 
VcfJels are very large, a5 in Oak, Walnut, Elm, 
^ &c. they will not fo eafily yield or (hoot out 

collatectUy ; and fo the Trunk grows up taller 
and more entire* 

^. Why do forae Trees run up fo very 
llender, and others fo very thick and big ? 

B. This is from the Poifition of the Air Vef- 
fels 5 for where they lie moft circular round 
the Center in Form of Rings, as in Elm and 
A(h, diere the Tree in proportion grows more 
tall and taper, and lefs thick : But when the 
^ faid Veflels fpread more broad, and are po- 

ilured in Lines from the Center, as in Oak» 
&Ci then the Tree grows very thick ; in this 
. Cafe the diametrical Growth of the Wood be- 
ing more promoted than in any other : For 
which general Reafon alfo Trees grow round 
or angular. 

A Pray how comes it to pafs, that feveral 
Stalks of Plants have Joints or Knots ^ And 
J what is their Ufe ? 

B. Becaufe in forming the Branch or Blade, 

both the Rind and woody Subftance thereof are, 

upon their fhooting forth, divaricated from their 

perpendicular Pofture to a crofs Pofition, and 

. as they with the other grow and thrive toge^ 

T 3 theri 
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• thcr, they bind and thfong each other into a 
Knot. The Ufes of Knots are two, viz. for 
ftrengthening the Stem, and fof finer Growth i 
for the Knots ferve to ftrain' and tranfmit the 
Juices more refined to thp uj)per Parts, and to 
the Fruit, 

-r^. How do you accoupt for the PrqduSlioti 
;ind Textures, of the Leaves ? 

B. The Parts of the Leaf are fubftantially 
the fame with thofe of the Branch -, its Skin is; 
the Continuation of that of the Branch 5 the 
Fibres or Nerves difperfed thro' the. Leaf, are 
only Ramifications of the Branch's Wood, or 
ligneous Body; the parenchymous Subftance, 
which lies between the Fibres, is nothing but 
the Continuation of the cortical Body, or Sub? 
ilanc^ of the Bark, fpread through the fame :|:.. 

ji. Pray 

J The Leaves of Plants (fuch as have woody Fibres) are cafily 
anatomized, and a Skeleton of the Fibres made as follows. 

1 . The Leaves muft be gathered when full grown or old, but 
not dry ; then cxpofe them in an open Veifel of Water, and aa 
fad as it evaporates fill it up again. 

2. After about a Month or two the Leaices will begin to pa- 
trify, Orgrowioft ; and the Pellicle or thin Skin on each Side 
will firft begin to feparate from the pulpoas Part of the Leaves* 

3. 'The Leaf is then to be put into a broad Pari of Water, 
where you have room to fqueeze the pulpous or green Sabftance 
of the Leaf, which muil be very gently, and it will eafily fepa- 
rate from, and leave an intire Skeleton of Fibres. 

4. Or fometimes I have only laid the Leaf, ftript of its Skins 
or Membranes,* on a Piece bf Paper, where, after it has lain a 
little to dry, 1 have only taken hold of the Tail of the Leaf, 
and gently raifing it, the Skeleton has fi^dy feparated from the 
Pulp which adhered to the Paper. 

5. In many of thefc Skeletons, as that of the Apple Tree, 
Cherry Tree, Holm, isfc. you will find that all the Fibres great 
and fnlall are double ; or that there are t\vo Layers or Planes of 
Fibres, which yon will obfcrve may be eafily fepariited from 
each other thro' the whole Skeleton. 

' \ §. Th?f^ 
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A. Pray what is the Ufe of Leaves ? 

B. Firjly For Protedlion which they aiFord 
to each other, and to the Flower in the Biid ; 
03 alfo to the Fruit itfelf in fome Plants. 5^- 
tondly^ For Augmentation \ for the Capacity for 
the due Spreading and Ampliation of a Tree 
or Plant are its Leaves. Hhirdlyy They fervc 
to the greater Purity and Preparatipn^of the 
Sap ; the groffer Parts of which are retained 
in the Leaves, while the: more elaborate and 
cflential are fupplied to the Flower, Fruit, ancl: 
Seed, as their proper Aliment. Fourthly^ ;Th^y 
ferve to Perfpiration ; for thofe Orifices, ob-*- 
ferved to be in Leaves, perform the fame 
Fundions in Trees as the Pores of the Bodies 
do in Men \ that is, to caufe an invifible Per- 
fpiration in Plants *. 

A. Pray 

6. Thefe two Planes of woody Fibres, which compofe the 
Skeleton of a Leaf, are fuppofed to be analogous to the Arteries 
and Veins of an Animal Body. But there is no difcerning which 
are the arterial, and which the venal Fibres. See the Figure of* 
the Skeleton, and its Duplicature, of an Apple Leaf in Tig. 
LX VII. on Plate XX. fronting ?age 233. 

7. After a like Manner may Fruits be prepared, and Skeletons 
of them procured, ziJpples^ ? ear s^,? caches ^ &c. They miift 
be found and good, pared very nicely, then boiled gently till 
they are thoroughly fofc : then taking them out, and putting 
them into a Bafon of cold Water, hold the Tail in one Hand, 
and with one Finger and Thumb of the other rub the Pulp gent- 
ly off, and preferve the Skeleton in Spirit of Wine reftified. 

8. Carrots and other Roots that have woody Fibres, muft be 
boiled without paring till they grow foft, and the Pulp cornel 
off. Not only many Sorts of Roots, but the Bark of fever^ 
Trees alfo may be reduced after this Method into Skeletons pre- 
fenting rare and curious Views of Vegetables, Fbilof, Yranf. 
N^ 4i4» and 4161. 

* Notwithftandingthe great Perfpiration in Animals andPlants, 
1 never yet could dilcover any thing like Pores in the-Scarf-Skin 
of the one, or the fine Membranes which cover the Leaves of 
the other ; tho* I have often fought them in the mpil proper Sub* 
jeAs {md with the bcft Sort of doable RefieAing Microfcopes, 

T4 I 
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ji. Pray what do you obfcrve cpnceriiing tho 
Flowers of Plants ? 

B. In the Flmver may be obfcrved : i . The 
Empakment^ or Calyx ^ or the Cup, which con^ 
taineth the Flower, and is dengned for tho 
Guard and Security of the other Parts of tho 
Flower, 2. The Foliation^ or Compofure of 
Leaves, which are of divers Forms and^Co^ 
lours ; whofe conAituent Parts are * the fami? 
as thofe of the Leaves, viz. SKin, Parenchy^ . 
ma, and Air, and Sap Veffels, 3. Withia 
the Foliage ftands the jittire ; that is, thofe 
fine ppright Stems with their -/^/V^^, and the 
Style in the very Middle of all; and.the^ are 
the general Pjirts of which the Flower doth 
coqfift, 

ui. Pray can you tell the Ufes of thofe fc« 
vera! Parts of the Flower ? 

B. The Empalementy as I faid, is for the Secu- 
rity of the Flower in Embryo^ and afterwards for 
the Support of the Foliage, to keep the Leaves of 
the Flower in due and decorous Pofture, Which 

I know Mr. Lenvenhoei (ifi Tranjl {^'^ 369) telU QSy that h^ 
}\tLs Viewed thefe por^s or Spiracles very clearly in tb^ l^ea'ves of 
Mox ; and that on one Superficies of fpch a Le^U" he has compur 
ted 172090 Pores, and on the other as li^any. fhc Royal So-- 
tiety has received and 'admitted this tQ pafs for Truth. >^htrea$ 
I believe it m^y t>c eafily inade to appear that nothing is mor^ 
falfe. and that, indeed of feeing 344180 pores, he never faw 
^i, Tis no hard Matter stUp to point put the (grounds of the 
fallacy, or to prove that this is not the only ^rror which this 
J^riuce pf the Viriuofi has fallen into, an4 poblifhed to the World. 
Bt^t thefe Matters mi^ft be referred to a future Tra{t on thefe 
Subjects. I (hall qnly here obferye, that there is foinething ex* 
freeding (Sne find delicate in the Tei^ure of th& Pellicle or fine 
Membrane which covers the Box Leaf, and alfo in the Skeletofi 

Sa^e therepf. Alfo th^t the iranfparent Spherulesy or round clear 
rops (landing all over the Surface of the Leaves oiHyfopy Mnjp, 
fee, and dthers of other Forms and Colours on other Plants^ 
fi)aii^^ a y^ry pleafant ^d delightful Yi^w i^' the |4icrP(£ope. 
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would otherwife hang uncouth and taudry, as 
a Lady without her Bodice. Thie Foliage^ or 
Leaves of the Flower, defend the Attire, and 
ip fome Plants the Fruit 5 it alfo fcrves for the 
further Refining and Separation of proper Parts 
of the Sap for the pcrfeding the Seed. The 
jittire is^ an Ornament and Diftinftion in Flow* 
f rs. It fupplies alfo divers Kinds of fmall Ani- 
mals with Food, which harbour therein ; that 
is, in the HoMdwnefs of the Style. Lajifyy it 
is fuppofed , it alfo ferveth as Male Sperm to 
impregnate and fruftify the Seed *♦ 
. ui. What is the Nature and Compofition of 
Fruit, I pray you ? 

B. The general Nature and Compofition of 
«11 Fruit is one and the fame ; that is, their ef^ 



I^V * That there is fuch a thing zszSex in Plants, that feme 

{^lants ait Male^ others Fem^e^ and moft tiermapbrodite ; and 
that the Flower is the Vudendum of the Plants as containing the 
Parts of Generationy are Points agreed on as certain by inodeia 
(Jataralids. ' ^ 

^, The Male Parts of a Flower are the Stamna or Stemsy 
and their Apices^ or iittle Tops, which contain the £ne Powder or 
Farina^ which is imagined to be the Semen or Sperm of the Plane 
3I The Female Parts ait the Style^ which ferves to receive the 
Seqsen ; and the Seed-Cafe at the Bottom of the Style, which 
is judg'd to be the Matrix^ or Womb of the Plant. 

4. Some Plants have only the Male Parts of the Flower, and 
they never bear Frnit ; others the Female Parts only» and they 
bear Fruit. In others, as Cucumbers^ Melons^ Gourds^ Walnut, 
Oak, Beech, 6f^. the Male and Female Flowers grow at fome 
Diilance from each other. B^it, 

5. Mod Plants are HermapbreStey or have the Malezv^^ It" 
k male Parts in the fame Flower, as the Pulp, Lily, Polyanthus, (^c^ 
^ 6. The Learned can't as yet fnlly prove the Manner of Irn* 

pregnation and Generation of Plants ; His generally agreed, 

that the Farina falling from the Jpices, is received by the jStjU 

/ pr P;^^,,^hich conveys it to the Seed -Cafe below where it 

I - impregnates^ the Embryo- Seed contained therein. There ii 

much to be faid for and againft this Hypothefis, a fliort View of 
I 4which Controverfy the lUader may meet with in Shatu^ Notes 

to Boerhaa^e^s Ciemijffy, Page 149 and l^O of the Theory, 

^d m the oth^f Botanical Authors, 
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fential and truly vital Parts are in all the fame ; 
and but the Continuation of thofe which I have 
already obferved to you do conftitute the other 
Parts of the Plant. But, by the difFcrent Con^' 
ilitution and Textures of thefe Parts, divers 
confiderably different Fruits refult, as jipples^ 
PearSy PlumSj NutSy BerrieSy 8cc. 

-A Pray what are the particular Parts which 
compofe thofe different Fruits ? 

B. The Apple doth iconfift of thefe four, viz. 
The Pillingy the Parenchyma or Pulpy E^ran^ 
fhery and Coar. The P^^r bath five diflin<5l 
Parts ; the Pillingy the Parenchyma^ the Bran^ 
cberyy Cakularf and Acetary. The Plum (to 
which the Cherry y Apricot y Peachy &c. may be 
referred) conlifls of four Parts ; the Pillingy 
Parenchymay Brancbery and Stone. The Berry 
confifleth of four Parts ; the Pillingy the Paren^ 
fhymay Brancheryy and Seed. The Nut con- 
fifteth of thrfee Parts : The Capy the Shelly and 
pith. All which are largely treated of by Dr, 
Crew in his Anatomy of Plants. 

A. Pray (to be ihortj what are the princi- 
pal Ufes of Fruit ? 

. J5. The Ufe of Fruit is two-fold : For, 7%/?, 
it ferveth Man (and I may fay Bead) as a deli- 
pious and pleafant Meat or Food ; befides the 
various Purpofes of Medicine. • Secondly y It fup- 
plies the Seed with a due and mofl convenient 
^ap J the Fruit doing the fame Office to the Seed, 
9S the Leaves do to the Fruit, vii^. that, by 
^ due Purification and Exaltation of the Sap^ 
the Seed may ob)tain its Perfeiftion. 

A. Pray, what is the Seed in its State of Ge^ 
Her ^t ion -? 

I ^. As 
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B, As the original, fo the ultimate End 
lind Perfeftion of Vegetation is the Seed. Hovjr 
it hath been in its State adaptea to Vegetation 
we have already fcen. Its State of Generation 
is as follows : The Sap^ having in the Root, 
Trunk, and Leaves, pafTed divers Concoctions 
find Separations, is noW at laft, in fome good 
Maturity, advanced towards the Seed, In the 
Fruit, as was faid, it is ftill farther prepared, 

y and the more effential Part is tranfinitted into 
that particular Patt of the BrancheVy, called th6 
Seed Branch ; which, becaufe it is a good 
JLrCngth, and very fine, doth yet farther matu- 
rate the ^S^t^ in paffing through it: In this ma- 
ture State it is conducted through the Seed Branch 
into the Coats of the Seed, as into the Womb, 
The meaner Part of the Sap to the outer Coat^ 

I the more fine is tranfinitted to the inner Coat, . 

[, where it is farther prepared by Fermentation ; 

'^ and thence is filtred through a fine Skin into 
the inmoft Part or Subftance of the Seed, and 
there becomes a Liquor fit for the actuating the 
future Embryo Seed, or caufing it tp vegetate 
^nd the Plume to fhoot forth. 

A. But pray, AVr, before you quit« difmlfi 
the Subjed: of Plants, pleafe to let me know 
what, you think of ftfg/5, Mujlzrooms^ and thofe 
fungous E:^crefcen(:es adhering tp the Sides of 

^ Trees? 

B, MuJhroomSy Mofs^ and other fungous Sub- 
. fiances, are a fpurious Kind of Plants j or which 

may be called excrementitious Plants; fince they 
arife intirely from the Bodies of other Plants, or 
from a Kind of vifcous Mucilage of the Earth : >. 
Tfcey grow indeed, and haveRoots, fome inferted 
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into the Fibres of the Plant producing them, 
as Mijktoe is radicated into the Fibres of the 
Oak ; and Mojs to the Fibres of the Barks of 
Trees. Mujhrooms arife from various Matters 
in Earth or Wood» and are found to coniift of 
a vaft Bundle of Fibres, proceeding from the 
Subflance on which they grow ; thefe make 
the Stalk, and thence divaricating fpread and 
extend themielves into a ipherical Canopy, or 
Head, which contains a fucculent Parenchyma : 
on the under Part of which, I am apt to think, 
the Seed may be produced (though none hath 
hitherto been feen) which being wafted about 
by the Wind, falls in divers Places of the Earth, 
and there takes Root and grows : Thus Mofi 
undoubtedly bears Seed, by wliich the various 
Sorts thereof are propagated ; though for their 
Smallnefs they cannot be feen ^. 

A. lam 

* Of Msjst Natnraltflt make mention of abovt 300 difierent 
Kinds ; tho' tkofe which grow common are not above ^o. 
They have great Variety in their Growth, Form, and Make ; 
and moft of them afford an agreeable Sight in the Microfcope. 
I never coald difcover any thing like Flower Seedft in many of 
them ; and therefore they are truly judged to be Plants of their 
0wn Kind. \ 

2. Dr. Liftir takes the Gills of Mufhrooms to be tbe very 
^ Flower and Seed of the Plant ; indeed no other can be difcoverM 
' by the Microfcope. The Mouldinefs on Leather, Fade, Pickles, 

&^. is of the Mttjbroom Tribe ; they are well known to be of a 
fpeedy Growth ; they coniift of Moltitodes of fine Stalks or 
Stems ; on the Tops whereof grow roand Heads containing a 
kind of Liquor, as I have often found by bruifing them under 
the Microfcope. 

3. The Fungi 9 or what we call Jhvs Ear, Jgarie, &c. which 

grow on the Rind of Trees, are of a very porous Subftance ; if 

the Superficies of fome be viewM with a Microfcope, it will ap- 

.pear like a Honey Comb, full of Holes which go deep, and 

make a iiftular Subftance. In thefe there is ftill lefs difcernibic 
of Roots, Flowers, or Seed* 

4- The 
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\A. I am greatly obliged to you, 5/r, for this 
conciie and regular Epitome of the Science of 
VegetatUny and confequently the true Theory 
of Plants : I never underftood fo much before^ 
nor, indeed, have I Time to perufe voluminous 
uiutbors. 

4. The Puff Sails are another odd fort of Prodaftioir; tliefir 
lit fij^ hare a flediy Subftance pretty firm* which by Degrees be<» 
coming more ripe, changes to a kind of Daft, which Mr. 
Bradley^ takes to be the Sied. « 

5. The l^ruffli^ like the PofF ball, is formM under Ground, 
k lies aboat 6 or 8 Inches deep ; is of a firm and flefhy SubAancc 
within, and cortical without i the flefhy Part, if Viewed in thin 
Slices under the Microfcope, appears to be compofed of roundifii, 
opake and very fmall Particles, thickly interfperfed thro* a white, 
tranfparent, and feemingly vafcular Subftance, which runs 1ft 
large and £ner Veins all over the Subflance of the Truffle. 
They are xf two Kinds, one round, the other of an Ege-like 
Figure. They are of a ftrong and very difagreeable Odour ; 
but are efteemM in Food as a vtry delicious and Itftxurious Piece 
of Dainty. They are found very common in the Woods of 
Itdfy anf} France ; and, of late, in divers Parts of England, And 
Dogs are here taught to hunt *em out with as great Sagacity, 
and as eafily as to let Game. 

6» As to what relates' to the Sulmartne Vegetables, or thofe 
. which grow in and under the Sea, as the large green mem> 
branous SeabeltSf which grow on Stones ; the fucu and other 
Sea Weeds ; the Cerathes on Stones and Oyfter-Shells / the 
Sea-Fan ; the Coral which grows on: Rocks^. the Sponge^ &c. 
They are io numerous and various as not be treated of h^re ; 
only this I (hall obfervein general, that they appear to be defi- 
cient in Roots, Flowers, and Seed ; and are.moft of a very 
wonderful Texture and Make,, efpecially the Sponge, which 
makes the fineft of Spe^acles in the Microfcope. 

7. For Abundance more on this Head confult Dr. Gre<w*% 
and MalfighPs Jaatomy of Plants^ 7oumefort\ Infiit. ret Herba^ 
ria^ Bradley on Gardcmng^ and his Philofofhical Account of the 
Worki of Nature. "X^t Spe&acle de la Nature^ Vol. II. Millar'^ 
Gardeners DiQionary^ Fol. Ray\ Method and Hsfiory of Plants* 
Holes'" & Vegetable Statics, Vol, I. Pomet on Drugs. CJerici 
Pby/^ Lib. IV. Cap. i, 2, 3. Shanv's Notes to Boerhaa*ve^$ 
'Chemtfi/y, Page 142, i^fc. Derham*s Phyjtco Theology, Book X. 
The Philolog, Library f under the Title Botany, Page 43 1 . Cham'^ 
hers and HarrtTs Lexicon, PhiUfofb. Tranf. abridgM by Lo*w» 
thorp. Vol. II. Chap 5. y*««'s Continuation, Vol. IV. Part. 2. 
Chap. 5. Eames and Martyn'% Continuation, Vol. VI. Part z. 
CJiap. 5, 

CHAP. 
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C H A P. V. 

ZooGRAPHY, or the Philosgphv of AnJ-' 
MAL8 of the Human Body, and its foltd 
and fluid Parts j a Survey of the Nature 
of Beasts, of Fowl, ^Fishes, of I-nsects, 
^Reptiles, oJ Shell- Animals, &c. of 
Healthy Difeafe^ Vigilance^ Sleeps Dreams^ 
Hunger^ l^birji^ Death. 

A. T\ RAY what is the Etymology of the 

J^ Word Zoography f 

B. It is compofed ot the Greek Ztaovy an Ani-* 
waly or Living Creature ^ and Fpatpiy, a Defcrip-- 
tion\ and thence it imports a phyfiological 
Defcription of the Nature and Properties of a 
Living Creature^ which we caji hy the general 
Term Animal *. ^ 

A. How 

^ The Word Animal is a Dcrivddon from the Latin Word 
jfnima, which Word, with the Romans and all Latin Writers, 
£gniiies thtsSou/: Now let as fee what Ideas the Latins exprefs'd 
by this Word, that we may have the better Notion of what wf 
call the Soul, and how far AnimaU have a Share therein. 

2. The Word Jnima was derived from the Greek awf*^^ 
which fignifies the H^inJ or ^/r, which therefore muft be thtf 
original or primary Senfe of this Word, and fo Firgil ufes it, 
^antum Ignis Anim^que valent, JEti. 8. Secondly, it wks ufcd 
lor the Breath; thus Plauttts, An-fcetet Anima Vxoris Juat 
Thirdly, it was pften afed for the Body, Fourthly, for thi 
Mind J which was generally exprcfs'd by another Word Ammus* 
Fifthly, it fometimes fignitied the PaJJions ; as, Comprime Ani» 
nuwiy Plaut. Sixthly, the moil ufual Signification of all was 
the Life, or that Principle by which Bodies //v/, monkey and 
have Senfe, 

3^ In Greeky what we call Animal, is call'd fimply Z»or, '^ 
Lining Creature, from Zc»<y, to li<ve. The Greeks indeed have a 
Word for the Soul, viz. ^vxn, but then this Word alfo was de- 
rived from the Word ^v^u, to blow, to breathe, ta cool, &c, and 
fo hath no other Signification in the original Ufe than that of 
the Breath or B'laf of Wind-, after which it came tp be nfed for 

the 
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A, How many Sorts of Animals are there ? 

B. Naturalijis generally diftribut? Animals 
into feven great Kinds^ viz. (i.) Rational Ani^ 
tnah^ or Mankind, (2.) ^adrupeds^f^x iowi^ 
footed Beafts. i^*) Birds, orFowL (j\..) FiJ&es. 
{$.) Infecls. (6,) Reptiles. (7.) Concbijious or 
Shell Animals. Of each of thefe we will take 
a Jhort Survey ; and then conclude with a few 
Refledions on the common Accidents of Animal 
Life. 

A. I prefunie your intended Survey, of Man 
will extend no farther than the Animal Part ^ 
pray, therefore, what are the Component Parts of 
our Bodies ? 

B. The human Body confifts of folid and 
fluid Parts, which in general are call'd the ^0^ 
Hds and Fluids , or Humours of the Body. 

A. What are the general Divifions pf this 
Part of Philofophy ? 

B. I fhall here divide it with refpedt to the 
different Perfection of Animals^ viz* . 

i^ Anthropography, of the human Body, 

• * 

the Bodf, the Life and the M/W» all which Senfes are frequent 
in the New Teftament, and other Greek Writers. 
^ 4. Laftiy, the Words which fignified the Soul among the flp- 
brjenus were two, ,wx. tt^S)^, which iignifies x\it fenjiti*ve Sou/: 
and tltW^9 the imman or rational Soul ; but both thefe V/ords 
Itkewife in their original and primary Senfe were ufed for Hali- 
/*/, Flatus, Re/firatio, that is, for the Breath or Refpiration in 
Animals. See Gen, ii. 7. Job xxxvii. 10. IjaieA ii. 22, &c. 

5. Now if the Words in three original Languages which were 
ufed for the Soul, do primarily mean no more than the Breathy 
and» at moft, the Life of Living Creatures, I think, 'tis evident 
that all Creatures which breathe^ and have Senfe and Life, may 
properly, yea literally be faid to have a Soul ; Which Soul in all 
;Animals isin^a greater or lefTei: Degree perfedl, according as 
their Faculties and Powers of Life, Senfe, and Mind die fo. 

2. Zoo* 
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2. Zoograpby^ of the Bodies of Brutes id 
particular. 

3. Ornitbograpby^ of the Nature of Birdi 
mFcwL ^ 

4* Icbtfyograpby^ of the Nature of Fj/S&r j. 
5» Entomatographf^ of the Nature of i!iy<«* 

6. Herpetogra^j of the Nature of 1{^ 
tiles. 

7. Zoopbytography^ of the Nature of 5i&f /A 
Animak. 

A. Pray what do you particularly include 
tinder the firft Diviiion, which you call An^ 
tbopographj ? 

B. A brief phyfiological Defcription of all 
the component Parts of the human Bodjfi 
which Parts are of two difierent Kinds> wz. 
SolidSy and Fluids. 

• A. Which are the folid Parts of the hu- 
man Body } 

B. Thofe which follow 1 1. Bones. 2. Car^ 
iilages. 3, Ligaments. 4, Mi^ies. 5. !7V»- 
dms. 6. Membranes. 7. Neroes. 8. Arteries. 
9. Veins: i o. DuSsy or fine tubular Veflels of 
various Sorts. Of thefe fimple Solids the more 
compounded Organs of Life confift. 

A. Pray, which are thofe compound Organs 
of Life ? 

B: The Brain^ and Cerebellum y the Xz^i j 
the Heart ; the Stomach ; the L/i;^r ; the 
iS//fm ; the Pancreas ; the kidneys ; the Glands y 
the Intejlines ; together with the Organs of 
Scnfc, -y/s;. the Eyes i the JS<?ri j the iVby^ } 
the Tongue^ 

^. Which 
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^ jf. Which are xhc fluid Parts of the human 
Body? 

B. They are thefc: i. The Chyle. 2. Bkoj. 
3. Saliva^ or Spittle, 4. £//?. 5. M7i. 6. Lym^ 
fba. 7. The Semen. 8* The pancreatic Juice. 
9w ITr/w. 10. Phlegm. 11. Serum. And, 12. 
Thcagueous Humour of the Eyes. 

^. Pray what is a jB^»f, and how generated ? 

£. A £^^^ is a Bundle of hard Fibres, tied 
to one another by fmall tranfverfe Fibres, In 
the Fatus thofe Fibres are porous, foft, and 
eafily difcerned 5 it is probable they are noiirifh- 
cd .by the ferous Part of the Blood, As their 
Pores fill up with a Sub(lance of their own Na* 
ture, fo they increafe, harden, and grow clofe ; 
thus when the Pores are full of this Subftance, 
the Bones are grown to their utmoft Extent, 
Hardnefs and Solidity, 

ji. Are there not divers Sorts of Bones in the 
3pdy? 

B. Yes; fome are hollow, and filled with 
Marrow I others arey^/zV/ clear through; fbme 
are very fmally others very large ; fome arc 
rounds and others ^j/ \ fome are plain^ others 
convex^ or concave ; where they are joined to 
each other, they make the various Joints 
throughout our Bodies, 

ji. Pray what is the U/e of .the Bones ? 

B* They are in us, as the Timber in the Build-- 
ing ; the Ufe of which is to give Strength^ Firm-- 
nefs^ Solidity, Form and Beauty to the Whole. 

A. Pray can you tell the Number of Bones 
jn a human Body ? 

B. Dr, Kieill has reckoned 245 } others make 
them to be 249, viz. In the Skull 1 4 ; in the Face 
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and Hands 62 ; in the Legs and Feet 6o« ' 
j4. What doth a 6one yield by a iiymcai 

B. Thisy produce txK«Dh Wd/>/^ i&iii^ 
nV, which are vety fabtk aad jkenttfatkig^ 
t^mc Sulphur, irtrf ftinkihg ; a XitdH Fik^^ 
And mtrch Earth. ' 

^/f. What is thA Patt you c^Il ft Caitilage^ i 
J)fayyouP r j^ 

B. A CaHila^, or Cfifile> is afmod^ Mdl 

I^iid Body, Mttx dbaft * Bome ; m it tre fi» 

Cavittes or Gctfe ^ontaifting Marrow, tiof Ss it 

cfoVtred With &ny Men^^ to i^ 

ks are the Bdttts. The Gdrtilap% httte a fitt^* 

turai iRefott or SkAkity, \;^hereby *ey wtriitv* 

their ftattiral FJgtire 6r Situatioh. Thfey »t \ 

, chiefly in thafe Places where a foft and tuafy Mb^ 

fiota is rei^jtiired, as in iChft Etirs, Ntfi^ 0ind^ 

pipe, &c. Xhey cover alfo the Ends of afl tte 

BdAes that aire foiiied togdhfer for ^fotkta. 

j^. Pray what aft tiftir t^i ? 

JS. They are appoiftted for the fpteiiil Stiue* 

'tur6 6f fottie Parts, a* the !Ears, Nofe, ^€. «fidl 

for the eafy Motion x;f the Boneis m tkd JoitfCs.^ 

Jt* W!iat do yoti call ^a Ligi»iicnt t 

B. A Ligament hath ifs Namife Ifiroto Z;%t^ 

to bind, and is a White fi>lid Body, feeler lihan 

a Cattikge, yet harder thkh ^ Metnbnafne^ 

they have no Cavities confainihg M*row, Ik* 

ariySeofe: Uteir chief Ufe is to bifid and fa^ 

the Bones (in their Articulation) together, 4efl 

they (hould be difplaced by any,vioteHlMo6cMK 

\^. Pray what is a\flf^ifef % 
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B, A M^fcleh a Bundle of flsfh/^ and dft^n 
tendinous Fibres ; of whwh all in the f^mc 
pj^poare parallel to one another^ and are all in-i- 
dpfed by one proper Membrane. The flcihy 
Fibres corapoft the Body (called the ^elly) of 
the Mufcle ; and the tendinous Fibres, the Ex^ 
polities : Thus, in Fi^. XI^IL on Plate XXV. 
fronting/* 307. AB is the Belly of the Mufde^ 
C is its tjlead^ and £> its Tail, both tendinous. 

A. How 'many Sorts of Mufcles are there ? 

B* Seyeral : Soniie being long and round, a| 
JP/>. XLIIi fonje plane and circular/ as Figp 
XLIII^ fome broad, whofe Fibres lie fpiral wile^ 
jjts J?/^.XLIV^ fome broad, whoi^ Fibres run 
ftrait, as Fig. XLV ; fome whofe Fibres lie diva** 
;ricaitied, qr converge from their Beginning (o a 
^narrow Tendon, ?l^ Fig. XliVI ; <bn>p arf 
double, which confift of a Tendon running 
ihrov^its Body from Head to Tail, and a Row 
pf Fibres on each Sicje, as Fig. XLVII; fome are 
ye^ more double, having two or more itendinous 
i^^ches running through theo)^ with various 
Rows and Orders of Fibres, as Fig. XLVIII^ 
jlbi^ have only a fmalliongBc^y, which divides 
iintp fcvcral fmall Tcndc«is at the En^, ^Fig. 
^XCIX I others aUb hav^e two Bodies prppeedr 
fing from one Head ; and there ^e others yet pf 
!« qiifefjent Sort from apy here (^efcribe^* Np^s 
all the Figures above referred ar^ oD f^htf 
'^J^V, fronting this p. 3 07. 
^ * ji. What is the Ufe of Mufcles ? 

fi. They xonflitute the flefliy Piirt of our 
Bodies^ ^d give it tbit bcautifijl Forr^ wp ob- 
•ifcrve over all its Sjirface. 2.. But they prgicipaj- 
Iv^^ve for aM8>al Kjlotion ; for )?y their M^i^ 
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all the Parts of the animal Body are moved/ 

A. How is that Motion performed ? 

B. Thus ; each Mufcle, and every Fibre in^ 
a Mufclc, hath Nerves^ Arteries and Veins^ at- 
tending it ; now by the Rarefaftion of the 
Blood and Spirits in thofe Veflels, their Givi- 
ties are diflended ; the Mufcle muft dien fwell 
of Coyrfe, and fwelling, will contrad and be- 
come fliorter : Therefore the Bcnte^ or Part, in- 
to which the Mufcle is inferted, will by this 
ContraAion of it, be drawn or pulled towards 
that Part where the Mufcle arifes ; and this is 
the general Theory of all ammal Motion. 

A. Pray what Number of Mufcks may there 
be in a human Body ? 

B. Dr. Keill numerates 446 fingle Mufcles in 
the whole Body; but others (lefs knowing) 
have reckoned difierent Numbers. 

A. Pray what do you underftand by a tendon? 
. B. A Tendon is a Part confifting of nervous 

Fibres, void of any parenchymous or flefhy Sub- 
ilance, invefled in a Membrane common to all 
the Mufcles ; and form what we call the Head 
C, and Tail D, of all Mufcles 5 or thofe Parts 
by which they arife from, or are inferted into 
the Bones of the fcveral Limbs of the Body : 
The Number of Fibres in every Tendon is equal 
to that of the Fibres of the Mufcle, and are 
the lame Fibres with them; they are thofe white, 
hard, compacted Bodies, which we vulgarly 
call Sinews. 
: A. What Part is that you call a Membrane.^ 

B. A Membrane is a Web of feveral Sorts of 
Fibres, interwoven for the covering and wrapping 
up of fome Parts } hence th^ are elaftic, and of 

an 



^ 



/ I 



Of the Membranes land Nerves. 369 

an exquifite Senfe i here the innumerable Di- 
vifions. Windings, ferpentine Progreffions, and 
frequent Inofculations of Veins with Veins, and 
Arteries with Arteries, ntiake a mod agreeable 
Embroidery, and delicate Net- work, covering 
the whole Membrane. 

A. Pvzy^ Sir J what is the Ufe 0/ Membranes ? 

B. To cover and wrao up tho Parts ; to 
ftrengthen them; tofave.mem from external 
Injuries ; to preferve the natural Heat ; to join 
one Part to another ; to caufe an exquifite 
Senfe; to feparate a Humour (by its Glands) 
for moiftening the Parts, &c. 

JJL Are there not divers Kinds of Membranes ? 

B. Yes ; as the Sfarf-Jkin^ covering the whole 
Body; the Sisnoftho Body itfelf ; the Meninges 
of the Brain ; the pleura in the Breaft ; the 
Pericardium involving the Heart ; the Periqf- 
teum inverting the Bones; The Tunic les or 
Coats of the Veilels, as the Stomach,j| Bladder^ 
Veins, Arteries, Inteftines, Tefticles, Gfc are 
ill Membranes of different Kinds. 

j1. Pray what do you call a Nerve f 

B. A Nerve is a long and fmall Bundle of 
very fine Pipes, or hollow Fibres, wrapped up 
in the Membranes of the Brain, 'from whence 
they have their Beginning. -^ • - 

A. What do you find to be the TJfe of the 
Nerves ? 

B^ It is very probably fiippofed, they are the 
immediate Organs of all Senfation ; for to every 
external Organ of Senfe, as the Eye, the Ear, 
the Nofe, the Tongue, are detached one or mpre 
Pair of thofe Nerves from the Brain ; alfo thofe 
Nerves which proceed from the fpinal Mar- 
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row, ftrc fpread through all Pbrts of the Mnfbfti 
and their Membranes, and to every JPcint m thi 
Superficies of the Body j iind thereby makt 1^6 
lArhole fenfible. 

A. Pray by what Means do the Nerves ttti^ 
der the Parts fenfible ? '^ 

B. It is imagined, they do it by the Kfotion 
6f in exceeding fi^ and invifible Pkiid they 
Contain, called the animal Spirits ; by which 
Impreffions are communicated to the MittA 
(whofe Seat is in the Brain) from all Parts tif 
the animal Body. 

A. How many ^ or what Quantity of NerVe^ 
imay there be in the Body ? 

B. There be ten Vair^ which proceed ironni 
'At medullary Subftince oFthe Brain, which k^e 
ehlefly diftributed to all thfc Pirts of the Heid 
and Neck j from the ipinal Mairow there t^ifop^ 
eied through the Vertebrae, thirty Tair to atflhi 
other Parts of the Body ; and thus in all theti 
txt forty Pair j for they come fotth ori^ully 
hy Pairs. . ' 

ji. Pf ay what do you call ArteHes f 
B. Arteries tK thokVipts, Tubes, Of Chan*; 
nels, which Convey the Blood ifrom the HeiA 
. to all Parts />f the Body. 

A. Whzt is their Cl^mpo/ition 6t "fexttstn 

B. Theyconfift, or are compofed bf three 
Coats, viz. Thtjir/i fcems to be a Web of fihfc 
Blood Vei&k and Nerves, for notiiiihihg the 
Coats of the Artery, The Jecond is made up of 

• circular, or rather fpiral Fibres ; of which then? 
Sare more or fewer t-ays, according to th6 Bi^* 

ftefs of the Artery. The third ii^M inrnoll Coat 
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h a fiae> dfinfe» tranifigFeiH M^i^^rvie, which 
]Bi5ep& ^e Blood within \\% Chapnels. The Ar^ 
. C^ies branch out into varioup Ramifications^ 
mA become iitvifibly fiQ^U at laft. 

A, Fray whence is ^%t Pulfiitm we find 19 
fevefftd F^9 of par Bodies ;? 

£, This is a M^^gisf pf tb^ Arteri^ oDly ^ 
the Blood being thirowi) Qtf Crpm the left Ventrir 
de of the Heart into fb^ great Artery^ fpn^ 
«uid iome at a Tirne^ pfdTo^ the Side df the 
Artery^ and casties la intermitting Pilata^tiqp 
thereof; /which is -continDed by the conflict 
|>uliSve Motion t;^ the Bbod^ ^nd (he Spring qr 
£iafticity of the Artery a^ing on it ; henoe 
therefore enfiies a conAant altertffte JDiht(^ti^ 
^iidXj9nfy^d&im of the Cq^($ of ^n Artery ; and 
is what wc properly cgU tbp Fujf^r 

jt ftay wiwit is Ihe Difference betiwen ^/?^ 
lUries zj}dVemf ? 

B.^ Fnm ate only a C^P^Qif Pitipn of th^ ^*' 
ipillairir Arteries at tbeir lEjct^eiiiiues, aQ4 Ponvegr 
-the cefloe^t Blood baeka^fi to t^e Heart; ia 
.their Retiu'n tfaey unltp tb^^lr Chapnels ^ ^f^r 
^ipproaoh the Hearty and forj^ at iaft the thr^e 
l^t Trunks, wz. the Ven^ .Ca^a Afcendenu 
Dycwdens^ aiui ih^Fena Port4^ as th^y axe 
-called. J^ 

A. How happens it itl^ Vei^s ^^ np 
PnUe? 

B. Becauie the Blood is poiured into them ^t 
the Anaftomofis in one contuiued even StreaQi ; 
and becaufe it movos from a narrower Channel 
to a wider ; the Wei&re pf the Blood againf): 
the Sides of the Veins beii)glefs t^an that again ft 
the $id«s of the Arteries. 

U 4 A. Pray 
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A. Pray what do you call thofe DuBs at 
tubular Veffeby you mentioned under the laft 
Head of folid Parts ? 

B. Thofe fmall, fine, hollow Pipes or Tubes 
difperfed through all Parts of the Body ; which 
conveyi fome a Lympb^ called LympbaduSs% 
others a milky Liquor ^ called laSleal Veins ; and 
others convey other juices and Humours cf the 
Body to their proper Places. 

A. Having thus heard you on the Nature 
and Ufe of the more fimple Solids ; I ihall be 
obliged to you for a fmalt Account of the more 
compound folid Parts, which ^u call the grei^ 
Organs of Life : Andj pray, what is the Nature 
qf the Brain. 

B. The whole Subfiance of the Brain is di« 
yided into two Parts ; that which lies in the 
Fore^part of the Sluill, called ^he G?r^^tfiv i 
and that lying in the Back-part, called the 0« 
rebellum. In the Cerebruni, ^or Fore-part of 
the Brain, there are obferved two Kinds of 
Subflances, the external and internal ; the exter« 
nal Subflance is foft; glandulous, and of the 
Colour of A(hes ; this Part receives the capil- 
lary Branches of the Veins and Arteries belotog- 
ing to the Brain, and fendeth from its little 
oval Glands an infinite Number of Fibres, which 
all together make up the medullary Subflance 

, of the internal Part of the Brain and Cerebel- 
lum, which going out of theSkull^ form thQ 
l^erws zndjpinal Marrow. 

A. What is the Ufe of the Brain ? 

B. The Ufe of the Brain ii to feparate from 
the Blood brought thither, the fineft and fubtleft 
Parts thereof, called animal Sf>irits^ by the 

Glands 
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Of the Brain iond Lungi. %\% 

Ghnds in the external Part, which are received 
fironi thofe Glands by the Fibres of the meduU 
lary Subftance, and are from thence convey'd 
by the Nerves (which thefe Fibres compofe) to 
all, Parts of the Body ; giviijg the Faculty of 
Sen/ation to the whole. 

ji. Pray what is the Nature of the Lungs ? 

J5» The Subftance of tht Lungs is compofed 
of an infinite Number of little Lobes or Spheres, 
of various Figures and Magnitudes, whofe Sur- 
faces are fo adapted as to leave but few and 
^mall Interflices -, thefe fmall Lobes are difpofed 
like fo many Bunches of Grapes on the Sides 
of the Branches of the Wind-pipe : Each litde 
Lobe contains within its own proper Membrane, 
an iniinite Number of fmall and round Blad- 
ders, which leave fmall Interftices between full 
of fmall Membranes, like thofe which bind the 
Xiobes together : The Extremities of the Bran- 
ches of the Wind-pipe open into the Cavities of 
tke£e fmall Bladders, which are probably formed 
by its Membranes y but the fine Blood Vefiels 
are only fpread upon the Bladders like a Net, 
with frequent and large Inofculations. 

^. What is the U/e of the Lungs ? 

Bf This is the great Organ of Breathing or Re^ 

" Jhiration ; as the Air by its Weight forceth into 

every Cavity, fo as foon as the Foetus is born it 

ruihes into the Cavity of the Lungs, and fills the 

little Veficles, and by extending them comprefles 

the fmall Blood Globules in the Veflels fpread 

upon them ; this Compreflion is much greateft 

-when the Air is expelled out of the Lungs by 

^ tbeCootraaion of the Breaft j and by this Com* 

preffioflt 



f 



I 



■» 



314 Tie Philosophic At Grammar.^ 

pref&on, the red Globules of Btood, willed 
through their languid Motion in the Veins^ were 

frown too big to drculate, are again brdcen HunA 
ivided in the Serum, and fo the Blood is a netr 
niade fit for Nutrition and Secretion. Dr» KeiM 
9Ub thinks that the Air doth hereby enter and 
init with the Blood. Dr« Cbeyne faith, the'ekf- 
tick Globules of the Blood are hereby formed.. 
And others hold other Opinions of tibe Ufes of 
'Refpiration. But I think it ftcange that JS^-^ 
muller^ amongft his 14 Ufes thereof, has not 
mentioned the vital Spirit of the Air, ^whicii 
probably is thereby Intenxiixed with the Blood, 
' and diffufed through all the Body, and is therdn 
Ihe Principle oj animal Lifei fincc it is wcM 
known Animals cannot live in Air deprived df 
this Spirit. Neither has Mr. JDerbam hinted 
an;^ thing concerning it. 

jfi. Pray what is the Naturt ^OidCmpofifim 
of tht Heart? 

B. The Heart (faith Boerbaave) and its 
'jhiricles are real Mufcles, and a^ with a muf- 
cular Power j for all the Fibres gradually grow- 
ing ihorter diminiCh tlK Length of the Heart 
and increafe its Breadth; they accurately ftreight- 
en the Cavities of the Ventricles ; dilate the ten- 
dinous Mouths of the Arteries ; determine the 
Valves of the Mouths of the Veins for the Stop- 
page of their Contents ; and drive, with great a 
Force, its contained Blood into the ' difcrted | 
Mouths of Arteries, in order to its CSrptdatioft 
through the Body. 

/ jL Pray what is the principal 'Service of Ac 
• Hmrt to the human Body ? 

5- This 



t i 



'^ % V .^ 



t)f f%e Ileart and StomacL , 31^ 

J&. This wonderAil Miifcle has two Mt>uob% 
*wMch they call Syftok, and Diajhk | the Sy^ 
h when the Fibres contract and ilretghton thf 
Cavities ; the JDiali^ is when thk M tffele <M3tf& 
cth to act ; its Fibres return to their iKitural S|tf 
and Tone, and its Cavities beoocfie MrgQ .and 
wide, Now the VenaOava i^eturning td the 
Heart, the exhau^d fuperfluous Blpod^ witk 
jthe Chyle newIy mixed herewith) |»ours it 
through the r^ht Auricle^ wheticc it Is detruded 
Jnto the right Ventricle or Cavity of the Heart % 
.hy its Syfiole it is &ence driven into the pulma^ 
nary ulriery^ which conveys it to^ dnd diftm' 
)b\xtt% it through all the Paits of the Lungs .^^ 
^loo^ being here by Reipiration^ f^reparftd^ n&- 
duced^ mixed and impregnate n^lth the sx^ 
Spirit^ and nutritious Principles iS( the Air^ is m- 
inanded back again by thtpulmMary Vtm to ite 
left uiuricU ^ dience into thift left Fentrick laf 
the Heart, which k tbem in its Di^te; b^j 
in the Syjhk of this VetAride^ ihe Bbod n(m 
refbSedis thruil into the great Artery, caHed 
the AortOy which carries k «t^in throtkgh «il die 
'Body; Thus the ^^/ i6 the ini&iiinatf^ 
Caufe .of tne £/A^i 0>^«^i^^. 

A.\vi the next Place, pka& to give >iiie1biiie 
Account df the Nat4ire^)he iS/ia;92/7rt^^ . 

^, The Stomach is €<*npofed of £bur Mtm- 
Vanes; ^c^rji and inniojl k a laoge mdculflr 
Coot, lymg in Plafts, B/od cdfit&inmg a great 
^Number of Cknda, thence called the ^!Mdm 
Glandnlq/a, The fe4:md Cbiit is nuich &mr anil 
thinner^ is altogether nervous, and therefereutf 
i^te Senfe. The tktrd Tunicle i? made of 
^ " / ^ " ilrait 




N 



316 7i&^ Philosophical Grammak. 

ftrait and circular Fibres ; fo that by this mui^ 
cular Coat the Ends of the Stomach are drawn 
towards its Middle, and the whole is equally 
contraded. The fourth is the common external 
Cover of the whole Stomach ; it proceeds from 
the Peritmaum. 

A. To what life doth the Stomach ferve ? 
jB. The Ufe of the Stomach is Digefiion ; 

which is^ the DiiTolution or Separation of the 
jUiments or Food into fuch minute Parts as are 
lit to enter oUr ladleal Vefels^ and circulate with 
the Mafs of Blood: This is principally effeded 
by the Saliva or Spittle of the Mouth ; the fer- 
menting Juice in the Stomach, feparated by its 
aforefaid Glands; by the Liquors we drink; 
and, Iq/Hy^ by the continual Motion of the Muf-- 
cular Coats of the Stomach, whole abfolute 
Power is, by Pitcairney demonftrated to be equal 
to 117088 Pound Weight; to which, if the 
abfolute Fc^ce of the Diaphragam and Mufcles ~ v 
,of the Abdomen be added, the Sum will amount 
to 250734 Pound Wdght} which is above 
223 8i hundred Weight, or near 112 Tun: 
No wonder then the very hardeft Diet, or Bones 
themfdves, fhould fo foon be reduced to a li-- 
quid 5ubftance, we call the Cbyle^ by fuch pro- 
digious cohfpiring Forces ! 

j1. What is the Compofition of the Liver? 

B. The common Membrane being raifed, the 
Subflance of the Uver feems to be compofed 
cffmall Glands cfa conick Figure y and bound to* 
gether by a proper Membrane into feveral Heaps 
or Lobes, which, like Bunches of Grapes, hang 
to the Branches of the VeiTcls, (viz. the Vena 
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Porta^ and the Fena Cava) from which each 
fmall Gland receives a Twig, and the Lobes arc 
tied to one another by fine Membranes^which fill 
up the Spaces between them ; and thus the 
parenchymousSubftance of the Liver is formed. 

ji. What is its Ufe ? 

B. The Fena Porta brings the Blood to the 
Liver full of Bile^ for its Secretion by the Glands 
of the Liver ; and the Fena Cava carries back 
the Blood which remams, to the Heart. The 
Bile thus ifarained from the Blood is, by fmail 
Vcflels, brought to the Gall-bladder^ one Part i 
and the other Part is feparated immediately into 
the Dud| called the Porus Bilarius ; this Dud 
going out of the Liver, joins the Neck of the 
Gall-bladder at fome Diilance, and forms one 
common Dudt, called the Cboledocbus^ through 
which both Sorts of Bile mix and pais to the 
Lower-^nd of the duodenum Gut, wherdnto it 
flows in order to mix with the Chyle : Thus 
the Ufe of the Liver is to fepar ate the Bile from 
the Blood. 

A. Pray what is the Nature and Make of the 
Spleen^ 

B. The Subftance of the Spleen (contained 
within two Membranes) is compoied of an In- 
finity of Membranes, which form little Cells 
and Cavities of different Size and Figure, which 
cooununicate with one another^ and are always 
full of Blood. 

ji. What is the Ufe thereof? ^ , 

JB. The Ancients knew nothing of its Ufe 5 nor 

can the Moderns do more than conjecture at it. 

You may fee Dr. Keiir^ ingenious Hypothefis of 

its 
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9s 1)eing Nature's Store^bouje^ in which fhe <Jer 
feofits the arterial Biood for the Ufc of the lA-^ 
y^y in his Anatomy } and the learned Difqui* 
^ons of the great Boerbaave on this Subjeft^ 
^ his MiitutiQnSj Page 139* 
^ jf. What is that you call the Pancreas f - 

B. It is the fame, as is vulgarly called the 
l^wfet^ireaJ I it is called Pancreas from '^oof^ (flip 
^hd Kf f^f, Fle/h:^ as mpch as to fay, a Part all 
FfeJ> t It is compofcd of an infinite Number 9^ 
Ktdc Giandis, itfelf being only a large Glapd of 
rte conglomerate Kind j whence its Subftanc^ 
«s we nnd) is always foft and fupple. 
^ ^. ?ray what is Its tjfj ? 

J9. To fcreen from the Blood brought thither^ 
tt Liquor called the pancreatick Juice^ whipb i^ 
conveyed by a' proper DuA to the duodenitnt 
Hut^ there to dilute the Chyle. ' 

Jl. What is the Subftahce of the Kidneys^ ^ 

B» The KiJneys arc like wife twp largp 
'Glands, whofe parenchy mous Subftance is conar 
pofed of an Innnity of very fmall Glands, ?vdry 
where intecwoven in the Net^ljike Jnofcvktiohs 
x>f the -fine Capilkfy' Branches of their Arter^fs 
jand Veins : From f aqh fmall Giand j;«)ceeds* a 
long fmall Tube ^ fbefp Tubes ^^roachinj^ Kqt 
Vards the Cavity of the Reins gather tbgetbij^ 
in tittle Bundles, andfortti^^ bnqr ^ab^^c^e 
of eich Kidney. 

^ ' A. Is not their UTe fo fepar^te tfie Virlif 
from the Bkod ?. 

By yfes ; the Blood being conveyed to 4hcm 
by the emulgent Arteries^ liath ,its fefpy^ .hrin|y 

f actftrained off by tlicir little CUnds, jnd ibjn 

\ -•' • 3 ^ ■ - • ' ' » 
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f^ fj^lurned apb by the emitigent Feins i tbe 
Xlt'me thqs feparatcdj^ runs down by the tlreten 
Iqto the Bladder. 

. w(f., Pray wh^ is die Natw-e and Texture of 
fkeGkmds? > 

B. The Modems have reduced all theGIaod^ 
tpf.tl^Body to two SortS;^ viz. CongMate Glands^ 
and Conglomerate Glands. A Conghbate Gland i§ 
a Iktle 6D«!0th Body wrapped up in a fine S^in^ 
by which it is feparated from all other ^art;% 
only adinittiogan Artery to pafs in, and a YeUi 
i^id cscpretory Canals to cxnne oitf j Of this Na^ 
ture md Soct^ are the Glands of the Braiu^ _. of 
the L^s and of the Thicks. A Qmghmerate 
"Gland is coi|ipaied t)f many little Congld4ftje 
Glands, all tied together, and wrapped up in oa^ 
^common Tunide or Membrime, whde v^arioup 
excretory Dvufts uniting^ form one or masp 
^rger Pipes, or evacuating Ve^ls : Of this Sqtf: 
are the jBreafis^ the Sweet-tread, the JlSdneys, 
&c. , 

^. Their V/e I underftand is Secretion ^ 
JHu$aours ^romtbe Bkod. 

£. It kip: Thus, the Glands of theBnu« 
iecera the Jbdmal Spirits $ ; thofe of the Moutl^ 
ikKS^diva or Spittle ; thqfe of the Breads, M^ 
thofe of the Reins, Urine : thofe of the Liver^^ 
Bile 5 thofe of the Tejlicles^ the generative Semen ; 
4»id thofe 4if the Slu{), the infen^ble Matter ^of 
^Peri^iration, or Sweat- The Numtbcr of thcfe 
imall cuticular Glands is fomewhat wonderful'^ 
^ jsiifppo&d, tteit one Grain of Sf^nd will came 
Tib Idfs than 1 25000 pf tb^m, if then we recko|i 
only 2000 of thefe Grains to an Inch Square, 
- and 
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and allow, at a Medium^ the Suvhcc of a Man^ 
Body to be equal to 14 fquare Feet ; then there 
ivill be of thofe fmall Glands in the Skin, the 
Number 324000000000 ; each of which con- 
tains a Forty or invifible Spiracle, through 
ifehich we conftantly perfpire *• 

ji. Pray what Quantity of Matter goes off 
by this infenjible Perjpiration ? 

B. SanSlorius tells us, in his Apborifms^ that 
by weighing himfelf he has found, i. That a 
Man Jleeping perfpi^es twice as much as when 
awake. 2. That a found Man in one Night of 
feven Hours Sleep, generally perfpires 50 
Ounces, or ^ Founds jiverdupoife^ or 4 Pounds 
Vrcy Weight. 3 . That fcarce half a Pound of - 
this perfpires in the firft 5 Hours. And we can- 
not wonder hereat, fince it appears there are 
above three hundred thoufand Millions of Pores 
in the Body of a middle-iized Man ; through 
which there muft of Neccffity go off a much 
greater Quantity than either by Stool or Urine, 
or both together. 

A. Well, I am wonderfully pleafed to know 
this furprizing Part of Philofophy, and do intend 
for the Sake hereof to buy SanSiorius^s Book : 
But, to go on, pray what is the Nature and life 
of the Inteftines ? 

* This is npon Troft from Mr. Liwenboeit who certainly w» i 

very happy at thefe Kinds of Inyemion ; for his Eyes, tho* old, 
and Microrcopesy tho* fingle ones, coald in many Cafes dif> 
cover, what I never coald with young Eyes and the beft doabl* 
MicroTcopes. I hav0 tried in Variety of SubjeAf to find thefii 
Pores in the Cuticle, but in vain. Aad indeed I very amcll 
^aeftion whether ever he did adually fee any fuch Thing. 

■4 
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Of the Intejiinesy the Eye^ &c. ^2i 

JB. The Inteftines are a long and large Pipe, 
which, by feveral Circumvolutions and Turn- 
ings, reaches from the Pylorus of the Stomach 
to the Anus : They are knit all along to the; 
Ejlge of a Membrane, called the Mefentery^ and 
are 6 Times as long as the Body to which they 
pertain : Their Ufe is by a peculiar vermicular 
Motion of their fpiral-fibred Coats, to convey 
along, and extrude out of the Body, the Fcecesj 
or the recrementitious Part of the Food, after 
the Qjyle is drained from it* 

A. Pray how niany different Organs of Sen-- 
fation are there ? 

B. Four particular Ones, viz. the Ey^*, iFcr 
feeing y the Ear^ for bearing -^ the Nofe, for 
fmelling \ and the Tongue ^ for tafting : And 

there is one general Senfe, viz. of feeling, 
common to all the Parts of the Body. 

A. What is the StruSture and Ufe of the Eye ? 

B. The Eye is a curious and moft wonder- 
ful Piece of Nature's Work, admirably con- 
trived with various CoatSy Mufcles^ Vefjelsy and 
Humours oi 3 feveral Kinds, for the Purpofe 
of Vifion : The firft Humour of the Eye is 
called the aqueous Humour^ being in all Refpeds 
like Water, but of a fpirituous Nature 5 for it 
will not freeze in the greateft Cold. The fe- 
cond is called the cryftatline Humour ^ being 
tranfparent, and more folid than either of the 
other ; its Figure refembles an optic Lens, -con- 
vex on both Sides, and its Ufe in the Eye is 
the fame. Behind this lies the vitreous or glaffy 
Humour ; it is very much like the White of an 
Egg, is in greater Abundance than either of 
the other, it gives the Eye its fpberical Form i 

X and 



^ I 



222 T3&ePHll6aOPHICAL GRAMMAR. 

and is thicker than the aqUeouSy but thinner 
than the cryjialline Humour. Next this Hu- 
mour on the Bottom of the Eye, is fpread a 
fine curious Men>brane, called the Retina^ 
through which are expanded the medullary 
Fibres of the optic Nerve^ which come froiw 
the Brain* Now the Rays of Light which 
come from all Parts of any Objcdt, falling upon 
the aqueous Humour of the Eye^ are through it 
.-^fratfted to the cry/talline Humour y by which 
as a double fonvex Lens (kept always at a pro-^ 
per Diftance by thc^la^ Humour) they are all 
converged and united on the Retina ; the Im- 
preffion thereof, being communicated to the 
common Senfory of the Brain by the optic 
NerveSy doth there prefent to the Mind the 
Species and Image of the Obje6t ^ and thus if 
Vijion performed by Means of the Eye. 

A. Pray how is the Senfe of Hearing per- 
formed by the Ear ? 

B. I have already told you, that Sounds are 
brought to the Ear from the fonorous Body by 
Means of the J^r ; and the external Part of the 
Ear is fa contrived by its Ridges and Hollow, 
that Sounds, being gathered into the Ear as 
into a Tunnel, are thereby direfted to the 
Meatus Audttorius^ through which they .pafs i 
and ftrike upon a thin tranfparent Membrane ' 
of an oval Figure, fet a little obliquely acrofs \ 
the Paflage of the Ear ; behind this Membrane * 
there is a pretty large Cavity, which, with the 

faid Membrane, from its Refemblance, is called 
the Tympanum^ or Driim of the Ear : In this 
Cavity are four fmall Bones, which from their 
Form arc called Malleolusy or the Hammer i ^ 

the 
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the IncuSy or the Anvil ; the Stapes^ or Stir^ 
rup ; and the Os Orbiculare^ or circular Bo?ie. 
Within the T^ympanum there are fevcral other 
Cavities, as the Veftibulum^ the Labyrinth^ and 
the Cochlea 5 thefe internal Cavities are always 
full of Air: wherefore the Sounds in the ex- 
ternal Air ftriking on the Drum, move the four 
little Bones in the Tfympanum^ and thcfe in like 
Mianner move the internal Air, which maketh 
an Impreffion on the fine Branches of the au*^ 
ditory Nerve fpread thfo' the Vejlibuhmy the 
winding Tubes of the Labyrinth^ and Cochlea ; 
and thus all Refradlions and Modulations of 
• the external Air become perceptible, and con* 
fequently all the different Sounds they convey 
became audible, and intelligible to the Mifnd, 
by the Communication of thefe Nerves with 
the Brain, or common Senfory, 

A. Pray how is the Senfe of Smelling ef- 
fefted in the Noje f 

B. The Cavity of the Nofe is divided into 
two Parts, we call the Nojlrtls^ by a Partition, 
of which the upper Part is bony, and the lowet 
cartilaginous 5 The upper Part of the Cavity is 
covered with a thick glandulous Membrane, 
above which, the olfaSlory Nerve is finely 
branched out and fpread over the Membrane 
of the fpongy Bones of the Nofe, and the other 
finous Cavities of the NoJiriU : Whence the 
Exhalations of Odours entering the No/lrih 
make their Impreffions on the Fibres of the 
Nerves, which, by their Communication with 
the .Brain, excite in the Mind the Smell ox Sen^ 

fation of Odours of every Kind. 
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ji. And thus^ I fuppofe, you account for tis^ 
Scnfe of T!ajie in the Tongue^ 

B. The longue k covered with two? Mem<- 
branes) the external is thick and rugged^ efpe«, 
ciall;^ in Beads > the internal Membrane is thin 
and foft; upon it appear feveral Papilla^ or 
fmall Rifings, like the Tops of the fmall Horns 
of Snails; thefe Papilla are made of the Ex* 
tremities of the Nerves of the Tongue, and 
. piercing, the external Memlx^ane, are conftant- 
ly afifeiSed by thofe Qualities in Bodies, which 
are their Taftes excited in the Mind by Means 
of thefe nervous Papilla', and thus are thefe 
Papilla the immediate Organ of Tajling. 

A. Pray how is xh^ general Senfe of Feeling 
performed ? 

B. Of this a general Account muft fervc : I 
iiave already told you that from the Brain and 
fpinal Marrow there ilTue out divers Pairs of 
NerveSj which are ramified and difperfed thro' 
all Parts of the Body; and confequently no 
Impreffion on any Point, either on the Super* 
ficies, or internal Compages of the Body^ can 
be any way made, but it muft immediately 
affedt either the Extremity, or fome Part of a 
KervCj and is therefore immediately commu- 
nicated to the Brain by the animal Spirits -, and 
thus ,tlie Mind becomes confcious of every 
Motion, AfFcdlibn, or Accident of the Body j 
and this we call the Senfation of Feeling. 

A. Having thus obliged me with an Ac- 
count of the ^//^P^r/j, and of the Or^^zwi and 
Manner of Senfation, I beg you would now 
proceed to defcribe the Fluids of the human 

Body; 
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Of the Chyk and Blood. %i^ 

Body 5 and firft, pray, what do you Call the 
Chyle? 

B. The €S>yle is a milkJike liquid Subftance, 
into which the Food is converted by the Con^ 
coSHqh and Digeflion of the Stomach, as before 
I told you ; the Chyle paffing by the Pylorus out 
ef the Stomach into the firft of the fnteftines, 
called the Duodenum^ in .it, and in the next^ 
called the Jejunum y it mixeth with the Bil?f 
and pancreatic Juice; by which Means the 
Chyle undergoes a farther Preparation ; the ' 
more alimentary Part being hereby refined and 
feparated, is received into the ndmerous Orifices 
of the firft iaSteal Veins^ opening into the faid 
Inteftines-:; by ttiefe it is conveyed to, and 
ftrained through the Glands of the Mefeotery ; 
whence it is received by a fecond fort of lafteal 
.Veins, and carried tp the Bafon, called the re^ 
ceptaculum Chyli ; where being duly impreg- 
nated with the Lymphy from the LymphaduSls 
there poured into it, it is thence carried upward 
by the thoracic Duft, and emptied into the 
left fubclavian Veiny where it is mixed with 
the refluent venal Blood, defcends into the 
right Vbntricle of the Heart, is thence circu- 
lated through the Lungs into the left Ventricle, 
and fi-om thence through all the Parts of tlie 
Body : And this is the animal Oeconomyy or or- 
dinary Method by which the Blopd is renewed^ 
and Lije continued. 

^. Pray what is the B/W? ' 

B. The Blood is a vital 5tEeam proceeding fi-om 
the Fountain of the Heart, and circulating con- 
ftantly through the whole Body by the CanaU 
xtf the Arteries and Veins. If it be viewed 
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with a Micro/cope, it appears to confift of fmall 
red Globules Iwimming in a thin tranfparent 
Serum, and that each Globule is made up of 
fi^ leflcr^ ones, which, refolved, take upon 
them the Nature of the Scrunt, ' whofe Colours 
are various. Pr, Boerhaave fays, that the ,iW/x- 
turcj Fluidity^ Heaty and Rednefs of the Blood 
is owing lOy and preferved by the circulatory 
Motion thtrcof. 

A. Pray what is the Rate of the Blood's 
Motion through the Body ? 

B. Each Ventricle of the Heart will contain 
about an Ounce of Blood j the Heart contra<fts 
about 4000 Times in an Hour 5* hence there 
pafleth through the Heart every Hour 4000 
Ounces of Blood, which is 250 /. Weight, 
Now an Ounce of Blood is equal in Bulk to 
i4oi> Inches; and if we fuppofe the Heart 
contradts 80 Times in a Minute, then 80 Ounces 
of Blood will be equal to 132 t4I Inches, which 
pafleth the Heart in one Minute. Now Dr, 
Ktill found the Diameter of the Aorta to be 
0.7 3 Parts^ of ah Inch, and thence its Orifice 
c»4i87; by which divide 132 Ttf^,and the Quo- 
tient , will be the Length of the Cylinder, or 
Space through which the Blood will move in a. 
Minute, mz. 316 Inches, or 26 Feet, But, be- 
caufe of the Diaflole o£ the Heart which takes 
up half the Time of a Pulfation, there goes 
out of the Heart 80 Ounces in I: a Minute ; 
whence the Blood's Velocity will be double, or 
it moves at the Rate of 52 Feet in a Minute^ 

Al Is the Velocity through the Trunk the 
lame as through all the Branches taken toge-» 
thcr ? 

Z B. Noi 
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B. No ; for the fame ingenious Anatomijl 
found the cxaft Proportion of the Branches to 
the Trunk of the Artery to be as 12387 to 
loooo, and confequently the greateft Velocity 
<?f the Blood will be to the Icaft, ^35233 to i; 
or the Kood moves 5233 Times flower in fom.e 
capillary Arteries, than it does in the Aorta. 
The Blood is received from the Arteries into 
the Veins, where it flill moves flower as it ap* 
proaches the Heart. Now the Arteries are to 
the Veins, as 324 to 441 5 and therefore the 
Blood moves in the Veins above 71 16 Times 
flower than in the Aorta. 

A. What Quantity of Blood do you find to 
be in the human Body ? 

B. You aflc a Queftion very difficult to be 
anfwered : At prefent I cannot find any Perfon 
can certainly tell; AutJbors dctcrmmQ from 10 
to 25 /^- and Dr. Keiii reckons the whole Body 
confifts of near t Fluids, the greateft Part of 

. which is Blood, 

A. What do the Chemijs find the Blood to 
confiftof? 

B. Of much volatile SaJty and Spirits : fome 
Phlegm and Sulphur j a little Earth ; and but 
little" or no Jixed Salts : Alcalies diflblve in it^ 
and Acids coagulate it« 

A, How are the other Fluids of the Body pro- 
duced ? 

B. They are all feparated from the Blood in 
fome Part of the Body or other by the Glands. 
Thus the Saliva or Spittle is fecerned hy parO'- 
/lital Glands behind the Ears^ and maxillary 
Glands of the Mouth j the JB/7f is feparated by 

X 4 the 



328 7^ Philosophical Grammar. 
the Liver j the Milk is ftraincd ofF fronj the 
Blood by the Gland of the Breafts j the Lympb 
is a fermenting Liquid fecerned by the fmall 
conglobate Glands in feveral Parts ; the Semen 
is fecreted from the Blood by the Tefticles, 
brought thither through various Circumvolu- 
tions and Contortions of the Jpermatic Arte^ 
Ties ; the Pancreas y or Sweet-iread^ alfo fepa- 
rates a fwect lympid Liquor or Juice, to dilute 
and refine the Chyle ^ the Urine is fecerned by 
the Reins ; it contains volatile Salt, Spirit, an 
oily Sulphur, Phlegm, and Earth*, from Vrine 
fermented is difHUed that luminous Matter 
called Pbofphorm, which is either folid or li- 
quid. Phkgm is a mucous Matter, feparated 
by the Glands of the Mouth, Nofe, &c. Serum 
is the aqueous Part of the Blood, which is not 
difcerncd from the Blood itfelf in the Body ; 
but taken out, it feparates from the coagulated 
Blood, by the Adion of the Cold : iht aqueous 
Humour of the Eye, fecerned from the arterial 
Blood in the Veflels of the Eye ; the cryfialUne 
and vitreous Humours are improperly fo called, 
they confifting of an infinite Number of final! 
Veflels filled with circulating Fluids. 

A. Sir, I am greatly obliged to you ifor \sl^ 
ing fo much Pains for my Information, ^yetj "as 

' you fecm to do it with a great deal of Pleafure, 
I ihall be bold to alk a few Queftions more ; 
and, pray, what do you fay of the Nature of 
Hair? 

B. When we examine the Hairs with a M- 
crpfcope (faith Dr. Keill) we find they have each 
a round bulbous Root lying pretty deep in the 

Skin, 
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Skin, and which draw their Nourifhment from 
the furrounding Humours; that each Hair 
confift of 5 or 6 others wrapped up in a com- 
mon Tegument or Tube : They grow as the 
Nails do, each Part near the Root tlu-ufting focm 
wards that which is immediately above it j and 
hot by any Liquor running along the Hair, in 
Tubes, as Plants grow. Their different Colours 
depend on the different Quality and Tempera- 
ment of the Humours producing them ; they 
fcrve for the Covering and Ornament of the 
Body. Mr. Derbam gives us the Reprefenta- 
tion of two Hairs of a Moufe (the mpft tranf- 
parent of any) the one in Fig. L. on Plate XV. 
fronting p. 307, where a is its Appearance 
through a fmall Magnifier ; and A as it appears 
through a large one. Fig. LI. on the fame 
Plate, c and D are the fame Views of another 
Hair, to ihew the different internal Make of 
the Hair of the fame Animal.* 

A. Pray what are the Nails ? 

B. Our Nails are of the fame Nature as the 
Hoofs of Beafts ; and are nothing but the Covers 
or Sheaths of Papilla Pyramidales of the Skin 
on the Extramities of the Fingers and Toe$, 
which dry, harden, and lie clofe upon one ano- 
ther. 

A. You have been long telling what thofe 
Parts are of which our Bodies confift ; but, 

* I never coald £nd, by viewing of tranfparent Hairs^ that 
they afforded any other Appearance than that of clear^ long^ 
romut, or cylindrical Tubes ; the HoUownefs of the larger ones 
being very viiible» but of the fmaller ones not difcernible ; and 
their Texture or Subflance has always appeared to me to be fim- 
ple or uncoropounded. So that the Reader is to belie've or n^ 
Jea what Dr. Ktil{ and Mr» Derbam have aflerted, as he may 
think reafonablei 
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pray, how are our Bodies at firft generated or 
formed in the Womb ? This you have not yet 
told me. 

B. The Learned of late have found by their 
JMicrcfc^es, that not only Man, but all Ani-» 
mals, do really cxift (in their proper Form 
compleat in all their Parts) in the Seed of the 
Male Animal, before Generation, in a fmall in- 
Tifible State, called Miniature. It is amazing 
to fee the prodigious Number of little Creatures^ 
like fo many Tadpoles, fwimming every Way in 
the Male Sperm of all Animals. Thofe Ani* 
mals are (o fmall, that 3000000000,, /« e. three 
thoufand Millions of them are npt equal to a 
Grain of Sand, whofe Diameters is but the 
1 00th Part of an Inch. The Animalcule that 
lias the good Luck to get fafe into the Womb^ 
through the FaHopian Tubes , in a kind of Egg, 
is there foftered a while fome how, 'till, at 
length, the Placenta appears like a little Cloud 
on one Side of the external Coat of the Egg ; 
and at the fame Time the Spine of the Embryo 
is grown fo big as to be vifible, and a little after, 
the Brain and Cerebellum appear like two fmall 
Bladders, and the Eyes next (land goggling out 
of the Head 5 then the Beating of the Ileartj or 
PunSlum SalienSj is plainly to be feen, and the 
Extremities of the Body difcover thcmfelves laft 
of all ; fo far Dr. Keill : And this is the pre- 
fent Theory of Generation i and very much alike 
in Plants and Animals *• • 

A. Tny 

• The h^d\r of Impregnation and Generation^ cven after all this 
late Difcoveries, remains fo very perplexM, obfcure, and doubtful, ' 
that nothing of Certainty can yet be determined about it.^ Some 
averting the Utile Animal to be originally in the Female's Egg ; 
others deny that; and afHrm they have no Being Ihete till ih^ figg 
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A. Pray what do yoU obfervc in particular 
of the Nature of Beajls *f 

JB. The 

h fecundated by tHe Semen MafcuUnum in Cntu» See the Coa# 
troverfy in Mr. Bradlef% Phil, Account of the Worktof Na- 
turoy Chap, 9. Mi/tillanea Curio/a^ Vol. I. Page 14.Z. by Mr. 
Garden, 

* Mr. iJ^, in his Bynopjis of Animals, diftinguilhes ^uadru^ 
pdi'wXD two kinds, wix, (i.) The unguiated of ^o^</ Beafts 
with four Feeti and (i.) The unguiculated, digitated, or chewed 
four-faoted Animals. 

2. The fii?^</ .g«/2</r«/^ir are either (i.) Solit^feds or Whole* 
hoofed ; as the Horfc, Afs, Mule, Vc, Of this Tribe none bears 
Horns. (2 J Bi/ulcated or Cloven- footed: Ofthefe, fomeare 
Jtuminant, Or chew the Cud ; as the Ox, the Sheep , the Goat, the 
Deer Kind. Ofthefe the three former bear ^(^Z/tou znd perpe- 
tual Hornj; the latter* cio/e And deciduous Horm, Again^ feme 
of the Cloven-footed do not chenio the Cud, a^the Hog and Sivins 
Kind. (3.) Quadrupeds which have thei|^Hoof cloven into 
four Divifions, and feem not to be Ruminani ; as the Rhinoceros^ 
th« Hippopotamus f or River-Horfe % the Tapijerote, and CapSf' 
Bara of BraJU, &c. , . ' 

' J. Of the fecond or unguiculate Kind o^ ^adrupeds^ the BU* 
fhant is fomewhat fmgular ; his Cl^ws adhere to each other^ 
and are all covered with one common Skin^ having only their 
obtufe Nails flicking out round the Margin of the Foot. 

4. The Camel and Dromedary have only tnuo CUeics % and, 

tho' they have no Horns, they ruminate or chew the Cud^ and 

have the four Stomachs of horned ruminant Animals. Of thefc 

fome have one Bunch on the Back^ and another Sort have two. . 

5* The Anthropomorpha, or thofe Quadrupeds, which have the 

foot divided into niany Cla^ws, with broad Nails on them» like 

the Fingers and Toes of Men» mak^ the third Species of thi» 

unguiculate Kind. As Apes, which have no Tails, and Monkeys 

which have Tails, and they of a large Size called Baboons. Td 

this Tribe alfo belong the Ourang-Outang, or the Wild Man i the 

Caqui and Cay of Brajil, and the Cercopithed , or Monkeys o£ 

feveral Countries. 

6. K fourth Species of this Kind is when the Claws are many^ 
and have Crooked and fharp pointed Nails, like the Talons of 
Birds of Prey ; and they are of the Cat^ the Dog^ the Vermin^ 
and the Hare kind. 

7, Of the Cat Kina of Quadrupeds, are reckoned the Don, 
the Tiger, the Vardalis (whofe Male is Tardus, Female ? anther) 
the Leopard ; the Lynx i the Cae-a-Mountain, the Bear^ and the 
common Cat. 

8* Of the Dog Kind they account the common Dog, the Wolf, 
ikc ftip, tjic Jackall, %h% Civet Cat, as 'tis erroneoufly call'd; the 

/ Rackoott^ 
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B. The Nature of B^^j, ox ^adrupeds^ is, 
with Refpcft to the fenfitive Life, or animal Oe-» 
conomy, the fame with that of Man already de- 
fcribed : What I fhall here take Notice of dien^. 
Ihall t^ thofe Particulars wherein the Brute dif- 
fers from a Man, and is what he is i the Chief 
of which are the following, !• Their external 
Form and Sbape^ which is almoft infinite % and i$ 

* 

KackoM, or Ratoom the Bas^ir^ tht OtUr, tYkt^ea-Calf, orSiali 

the Sea Hor/e, the Sea Co<w, and fome other 'Outlandifh Anixnal^ '^ 

9. Of the Vermin Kind are the Weafel% the Ermine or StQoi^ 
if white^; the ixirtd Stmt or 'Rtrret ; the foU Cat ; the Martin . 
«>r Martlet ; the Sahle $ the Genetic ; the Icbniumon Bellomi i 
the Indian Mungo, and ^ir^ele, &c. 

10. Of the Hai^ Kind are the Hare; thh Raitit or Con^ i 
the Porcupine \ t\iiBe'ver\ the Squirrel i the Rat i the Mo^e ; 
the Dormoufii x\it%uinea Pig 'f the Tapeta^ Aperca^ Agati, /sjxd- 
Faea, oF Brajil ; aiid the Ccnies and Mice of various foreign 
Countries. 

1 1 . T o thefe Kinds of Quadrupeds may be adde4 fome others 
snore anomalous, as 'Vi^viparous four -footed Animals , baling a 
kngijh Snout J and their Fat divided into mairt Claws or Toes^ and ^ 
having Teeth : As the Urchin or H/dge Hogj the feveral forts of i 
ITatons or ArmadiUo'i ; the Mole ; the Shrevu-Moa^ i the white 

Indian Erinaceui, &c. 

\Z, Others, 'which1>a'a$ aiongijh Snout, their Feet tB'oiAdiniB 
memy Claws^ but havena^ffeethi- As the great and lefler .^- 
Sear ; the Tamandua guacn of Brafil, See 

13. F^ing Quadrupeds, with a fhorter Snout, and their Feet 
divided as before ; as alt of the Bat-Kind or Flutter-Mice ; of 
'^irhich there are feverd Sia^s, and different Forms. 

14. Viviparous Sitid fauguineous Q^3.dxvi,ipfids, breathing with 
Lungs, «,nd have oiily one Ventricle in the Heart j as the Frogs 
the Toad; die Tortoi/e ; of thefe there are many different Speaes 
l>othof Land and Water ones in foreign Parts. 

15. Oviparous ^adrupeds with a long Tail Hf etched out ho- 
rizontafly ; as tA\ of the Lizard Kind $ the Q-ocodtle ; the com- 
mon E/i or flewt ; the Seps, a fort of footed Serpent ; the Sa/a' 
0ftander ; iht Chamelion ; a flying Lizard; with various other 
Kinds. 

Confiilt Mr. Ray*s Synopfls Animaiium. Johnfioni Hi/orim 
T^atnralis^ Borelli de Motu Animalium, Willis de Anima Bru* 
^tn-um. Ariftotle and Mlian amoDg the Ancients ^ z& ajfo Plinf^ 
natural Hijory of the World. 
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that ^bieh chiefly diftinguiflies the varioos ^-^ 
cies of Brutes. 2, Their Size, of which there 
are numerous Degrees ; the greatefl: of all are 
the Elephant ^ and Rhinoceros. 3 . Their prcne Pcf- 
ture^ neceflary to their Way of Living. 4, Their 
Motion^ or Gaity which is on Jour Legs^ and are 
thlerefbre called ^adrupedes. 5. The fpecial 
Contrivance and Form of their Heads^ which 
is infinitely various. 6. They are fomeof them 
endued with Horns of various Figure$ and Sizes^ 
7. They have afpecial Form and ^rufture of 
their Ears externally, 8. The Make of the 
Eye is very different in different Species of Ani- 
mals; 9. The Neck is adapted tk the Lengtii 
of their Legs, except only in me Elephant, 
which hath his Frobojcis or Tronic to fuppiy 
that Defed:. lo. The Form of their Legs is^ 
peculiar, yet different in divers |(Species 5 whence 
the flow Motion of fome, and ^vonderful Agi- 
lity and Swiftnefs in others, y . They are all 
provided with Trails of different Length, Size, 
G?r. whofe Ufe is to defend themfelves from 
the Moleflation of Flies, Gfr.. 12. Their Bodies 
are clothed with - various teguments of Hair^ 
Wooly Spinesy Down^ &c. fuitable to their par- 
ticular Occafions of Life. 13. Their Feet are, 
fome cloven into Hoo/s^ others xiivided into 
ClawSy with Variety of different Nails to an-- 
fwer their various Purpofes of Life. 14. Their 
Nojlrils.zit fomewhat differently formed from 
ours^ and from one another. 15. Their Brain 
is confiderably lefs in Proportion to their Bo- 
dies, than Man's, 1 6. They have fome of them 
a peculiar Membrane, called the niSlitaiing 
Membrane of the Eye, by which the Eye, fre- 

*' , quently 
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quently winking and contradKhg the Pupil, is 
prefervcd from the Annoyance of the Grafs, 
Stubble, &c. in gathering their Meat. 17. They 
are provided with a ftrong, tendinous, and in- 
^enfible Ligament^ braced from the Head to the 
Middle of the Back, called the white Leather^ 
which fufpends the weighty Head without Pain, 
in Grazing, &c. 1 8. The Stomachs of Brutes 
are different from ours, and from each other's, 
both in Size and Number ; for fome hwt fmalt^ 
others large Stomachs ; in fome, one only ; In 
others, two or more ; thus the Dromedary hath 
four Stomachs. 19. Some have the wonderful 
Faculty of fttumination^ or Chewing the Cud ; 
for the compleat Maftication of the Food at 
th^ refting leifure Times of the Animal. 20. 
The Hearts of Animals are of fpecial Struc- 
ture ; in fome it hath but one Ventricle^ as Frogs ^ 
in others two 5 and in fome three Ventricles^ as 
in the SeaXalf^ 6cc. 2 1 . Some Animals live 
only on Land ; others, called Amphibious^ live 
both on Land and in the Water. 22. The 
Foodoi Brutes is very various, fome feeding on 
Flejhy called Carnivorous -y others on Grafs ^ 
called Graminivorous 5 fome on Grain and 
Seeds, called Granivorous, &c. Befides innu- 
merable other Differences that might be 
named^ of lefs Note, between a Man and a 
Brute. 

, A. Pleafe now to oblige me with a fhort Ac- 
Count of the Nature of Birds or Fowl*. 

fi. The 

• Birds are cither Land Fow/, or Water fonxji: Of Land 
Fonvit fome have crooked Beaks and l^afons ; of thtfe fome ar^ 
earni*vorous and rapacious^ . being call'd Birds of Prey ^ ibnte 
• frugi'VQYousy or which h^i, on Corn, itid are calPd by the gene- 
ral Name of Parrots. ^ 
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. B. The Philofophy of Fowl^ or xht feathered 
^ 7ribey is really wonderfol, as will appear from 

aflidt 

• 2. Of Birds of Prey i fome are dturmd, preymg in die Day- 
dme ; and of thefe they reckon a greater and a lelfer Sore ; Tht 
greater are either of a more bold and genercnid Nature, as the 
MagU^Kind ; or of a more cowardly and flugglft, as the Fultjurg^ 

3. The leffer Surnal Birds of Prey, are the Accipitrts, or of 
the Hawim^nd. And thefe are of a more bold and genefxm» 
Natarcy and are wont to bereckimed ^d managed for Fowling, 

^ and ar^ called Hmn^ks : Tlicfc the Faiconers diftinguifli into Lon^ 
wrtged, as the Fo/cm, Lanner, &c* and Short -nuinged, as tie 
Grfifa^wk BXid Sfarr^tW'Htrtvk. ^ 

4. Thofe of the Hawk-kind whii:h are of a Natore mom 
cowardly and flaggi^, or alfe indocile, are negle^ed by tlie 
FaUoners, and fo live at large. And of thefe there is alfo « 
gr«ater fort, as the Buzzard kifgd;tLnd a leflef, as the Suicber- 
Bird, or Shrike (about as big as a Black-Urd) and the Birdsf 
Paroi&fif which is exotic. 

5. Of Birdi of Prey with crooked Beaks and Talons, fomri' 
arc noa»rnal, or which fly and prey by Nigbt, as the Chid'kiiuL 
And thefe are either homed or eared, as the Eagle-O^ the 

/ Horn-Owl, &c. or withont Horns, as the Bro^wu^OwI, die 
4 Grey-Owl, Ac. 

6. There is a fort of Land Birds, which feed on both Fkjb a«d . 
Fruits, and are diftingaiihed into three Sorts, according to their 
Bignefs ; the greatcft fiae being calFd Maccaws; the middlc-fized 
aad moft common Parrots and Popinjays j and the leaft fort Pja-^ 
rakeets : and all this Kiiid make ofc of their Beak in dimbinjp 
and move the upper Jaw. 

7. Land Birds that have their Bill aiid Claws more ftralt, aie 
alfo divided into three Sizes. Tjie greateft Sort are fuch as by 
Reafon of the Bulk of their Bodies, and the Smallnefs of thear 
Wings, cannot fly at all ; thefe are exotic Birds of a. fingular 
Nature, as the OJlrich, the Caffoware, the D^do, Sec. 

8. The middlc.fized Kind are divided by their BiUs intofodi 
as have large, thick, ftrong, and long ones ; fome whereof feed 
promifcaouHy on FleJ&, Infeas, and Plants ; as the Crow-hini^ 
which are' wholly black ; and the- Pp.kind which are fe^rty- 
eoloured: Some feed on Flefi only, as the King's-Fijber ^ veA 
Ibme on lufeas only, as the Wood-pecker. And iato fuch as 
have a fmaller and fliorter Bill, whofe Flefli is either white, as 
the Poultry^kind I or bla€kifif, as the Pigeon and Thrt^ Kind. 

9. The leqfi ^zed Kind cy£ Land Birds, with ftrait Bills and 
Claws, are caUed SmaU Birds ; and thefe are of two Kinds, w"«- . 

Joft -beaked, which have flender, ftrait, and pretty longifhBiUs, 
mod of them, and feed chiefly on Inftas-, or hardheakjid,\i\kyc^ 
have thick and hard Bills, and fcirf mollly on Setds. 

10. Water' 
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a fhort Survey thereof : For, 1. With refpeft ta 
their Generation^ they are produced from Eggs^ 
and are therefore called oviparous Animals. 2« 
Their Afo//V/r is two-fold, viz. flying and walk-- 
ing : And are thereby rendered, 3. The Inhabi- 
tants both of the LandzndjUr : For which Pur- 
pofc, 4. They are jvondroufly contrived with a 
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?o. Water-FowA are futh as frequent Water and fwatry Piach 
Hjetk ibiir Food: and thefe are all doven-footed, and generally 
itave long Legs, naked above their Knecs» diat they may the 
snore conTeniently wade in Waters. Of thefe thty reckon two 
forts, nnx. A Greater^ as the, Crang^ yaUru, &c. and a le^, 
which are either Pifcivorousy feeding on Fi(h» as the Heron, 
Spoonbill, Stork, &c. or Mudfuckers, and - btfeSioforous, of whichr 
fome have very long and crooked Bills ; as the Curlew and Wim'. 
Irell ; and others long and ftrait, as the Woodcock and God^ 

11. Others have middle-fized Bills, as the Sea'^fye and Red" 
Jharnk ; and a third fort have (hort Bills, as the Laptwing and 
Plover, Thofe are reckoned fi^rt Bilhp which exceed not anr 
Inch and a half', the middle Jitced Bills are betwixt that and two 
Inches and half, and long Bills are all above two Inches and 
half. 

12. JkxiOi^etlLinAot Water Fowl tmxaz in Water; fome o 
which, as the Morebeu and Coot, are cloveu'footed, and moft are 
luhole-footed. And of thefe fome few have very long Legs, as the 
Flammaiitf the A'vofetta, and Corrira ; bat mbiUy they arfe 
fiiort'legg^d ; of which focie few have bat three Toes on a Foot, 
Z9 the Penguin, Raforbill, &c. but generally they shave four Toes 
on a Foot} and thefe either all conne^led together by intervening 
Membranes, as in the Pelican, Solan-Goo/e, or more nfually 
with the back Toe loofe. 

13. And this Kind ^re either narroW'iiird, or hromdUirdi 
thofe with narrow Bills have them either blant or hooked at the 
Top, of which fort fome are ferrate, as in the Di*ver Kind ;- 
and (ome not ferrate ot toothed, ^s in the Puffin z or fharp point- 
ed or ftraiter, of which fort fome have long Wings, as the GuH 
Kind ; and feme (horter, as the Diving Birds, called Douckers. 

1 4. Thofe with broad Bills may be divided into- the Goofe 
Kind, which are larger ; and tho Duck kind, which are fmaller ^ 
and thefe latter into Sea-Ducks, and Ri*ver or Pond-DuckL 

i5..MQfl Water- Fowls have a. (hort Tail ; and nope of thb 
Kind have their Feet difpofed like Parrots and Woodpeckers that 
have tivo Toes forward, and two Toes backward, none having 
inore than one back Toe, and fome none at all. 

Parr 



\ 



J- 



^be Nature of Ftmh. 337 

'Tair of Wings to buoy tbemfelves up in the fluid 
elaftic Sphere of Air, and whereby they keep 
their Bodies on a due Balance and Equipoife in 
their Motion. 5. The T!aih of Birds are given 
diein to fleer their Courfe, keep them fteady in 
Flight, and to affifl them in their Defcents and 
Afcents into the Air. 6. The Plumage of Birds 
is a wonderful Thing, their Feathers cloath arid 
beautify them ; a Feather is a curious Produc-* 
tion in every Part, the ^uill^ the Rib^ and the 
Vanes^ being thoroughly underllood : The Pith 
in the Rib appears through a Micro fcofe \ on the 
tranfverfc SecSion a) as is reprefented in A, 
Fig. LII, on Vlate XXV, fronting />. 307. And 
a Vane of a Feather (as b) appears like another 
Feather when magnified, as in B, Fig. LIII. on 
the fame Plate^ where you obfervc the net-like 
Texture of its membranous Part, and C is the 
little End magnified. 7. The Feet of Fowl are 
very particular, being fpread fome with Mem- 
branes for fwimming, as Ducksy Geefe^ &c. fome 
without for fleady walking, perching, holding 
their Prey, &c. 8. The terrible. fharp- pointed 
Talons in Birds of Prey are very remarkable, as 
thofe of the Eagle^ Vulture^ &c. 9. The Heads 
of Birds are admirably fuited for making Way 
through the Air, being very near the FJgure of 
Sir Ifaac Newton's Solid of leafl Refiflance. 
10. The Beaky or Billy is a ftrange Piece of 
Art, their very Jaw-bones, as it were, growing 
out of their Head and meeting in a Point; won- 
derfully adapted to pierce the Air, gather Food, 
and penetrate Wood, Earth, &c. for Prey. 1 1* 
The Ears ftand not out from the Head to 
hinder Flight. And, 12. The commodious Si- 

Y tuatioa 
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tuation* of the Eyes, of Birds is furprizing :• for 
. each of their Eyes takes^ in very near an Hem^ 
Jphere^ and confequently with both Eyes they can 
fee nearly all around them atonce^ and fo the 
better feek their Food and efcape Dangers. 1 3, 
The wonderful StruSiure of the Body of Fowls, 
in the Form of a Ship, the Breaft-bone ferving 
as a Keel, and their Tails as Rudders, to govern 
them in their aerial Voyages^ deferve our Atten- 
tion and Admiration. 14. Thit internal Make 
oj their Bodies^ and the feveral Parts, as the ha^ 
rynxy the Tongue^ the inner JE^r, the various 
Mufcles^ their Lungs, the Poflurc of the Heart, 
&c. are different for the moft Part from other 
Animals. 15. The Migration of Birds is an 
Inflance of great Amazement: The Stork in 
the Heaven knoweth nnyiD her appointed T'imes, 
and the Turtle, and the Crane, and the Swal- 
low, obferve the Time of their Comings faith God 
hin^felf, y^r.viii. 7. Whatftrange InjiinSi fhould 
induce them to change their Place ? What 
fhould direct fome to warmer Climes ? others to 
colder Climes ? Yea, what fhould incline Swal- 
lows, for Inflance, to take up their Winter 
Quarters in the Water, under the Ice, in Lumps 
and Cluflers, in the frozen northern Seas? as 
*tis well known they do*. 16. The Incubation 

♦ Since not only Olaus Magnus reports this in his Bre'viar, Hifi, 
Eeptent. Lib. XIX. Cap. 1 1 • but alfo Etmuller affirms he has foand 
Swallows in this Condition among the Reeds of a FtJh»F<md\ and 
the Rev. Mr. Derbam fays, that at a Meeting of the Royal Soci- 
,cty Feb, \z. 1 71 1- 1 z. Dr. Colas declared he faw 16 Swallows fo 
dr:iwn out of the Lake ofSamdrot, and about 36 out of the King's 
great Pond in Rofinfilin ; and that at Scblebitten near an Hoafc of 
|hc E. oiDohna^ he faw two Swallows juft come out of the Wa. 
ters, that could fcarce Hand, being very wet and weak, with their 
Wings hanging on the Ground ; .and that he hath obferved the 
Swallows to be often weak for fome Dayk after their Appearance. 
Pbjljlcolheol Book VII. Chap. 3. Note (^4/ 

a of 
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bf Fowls IS worth our Notice : How (fays the 
great NattiraKJi the Rev. Mr. Derbam) fhould 
they be aware that their Eggs contain their 
Young .?^ or, that their Produdiioh is in their 
Power? 17. Their iV/Vj/Kf^//V« ought to hum- ' 
blc the Pride of Man ; with what inimitable 
Art, Neatnefs, and Propriety, do they contrive 
and build their Neftsf 1 8^ The Eg^ itfelf is a 
llupendous Contrivance of infinite Wifdom! 
Mod: Animals are produced from Eggs mthitty 
but Fowl exclude their Eggs^ which therefore 
are made . with hard crufty Shells to preferve 
the included Embryo from Accidents, and to 
contain fuitable Nourifliment for it ; Chickens 
are nourifhed by the White alone till growa 
great, and then feed on the ftronger Diet of the 
Yolk^ 1 9. Though all Fowl are hatched from 
Eggs 5 yet 'tis not always by the Incubation or 
Brooding of the parent Fowl, but by fome 
other Heat or Warmth fometimes: Thus, 
Job xxxix. (the 0/iricb) kaveth her Eggs in the 
Earthy and warmetb tbem in tbe Duji ; and at 
this Time they hatch Chickens in. Ovens at 
Grand Cairo in Egypt i each Oven containing 
80000 Eggs. 20. Some Birds feed on Grain, 
and are called Granivorous ; and Birds of Prey 
are called Carnivorous^ becaufe they feed on 
Flefh. Thefe are a few of the many wonder- 
ful Properties of the Nature of Birds* . 

j4f Indeed, Sir, it affords .me unfpeakable 
Pleafurc to hear you recount the Particulars 
of the wonderful Nature of different Animals; 
and, pray, go on if you pleafe, in the next Place, 
with the Nature o/FiJbes^. B. The 

* AriJfotU divides Fifiies into three Kinds> <& /z. Cetaceous^ Car^ . 

y 2 tilaginouSf 
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JS. The remarkable Particulars in the Survey 
of the Nature of Fifhes, whicH I {hall juft ob- 

ferve 

tiiaginous^ and Sfinotu ; and to thifr Divifion Mr. WiJhughhf 

CQnfents, as better than that of RondeUtius, who difttsguiihea 
Fifhes into Sea Fifi, River fijh^ Pond or lake Fi/b, 

2. The Cetaceous Kind, fometimes called the Bell^ Marine 
have Lungs, and breathe like Sluadntpods ; the^ copulate alfo like 
them, conceive and bring forth their Yoang alive, and fackle 
them with their Milk. 

3. The Cartilai^nims Sort are produced from large Eggs like 
Birdsy which are excluded the Womb alfo, like thoie of Birds. 

4. The Spinous Kind are alfo Oviparous, bat their Eggs are 
lbiaUer» and they have Sfimt, or fharp Bonea op and down in 
their Fleih to fbengthen it. 

g« But Mr. Wiliougbhy thinks it would be yet more proper to 
diftingttilh Fifli into fnch as breathe ivitb Lungs, ^and fuch aa 
hreiabe with Gills ; aad then to fubdivido thofe that breaibe 'witk 
Cills into FivifarouSf and Oviparous. 

6. The Viviparous Kind he fabdivides into the lon^, as^ the 
Sharks, and Dog-Fig^ ; and broad Kind, fuch as the Pa^nodrg 
Jipja, ^quatinse^ &c, 

J, The Oviparous Kind are the mod numerous ; and thefe he 
fabdivides into the Flat-fi/h Kind, and Aich as f\yim with their 
Backs upright, or at right AngUs to th^ Hori^^on, He gives 
tts the following Catalogue of our Englijb Fi/bes, 

8. Of the long Cartilaginous Kind are the v^ite and blue Sharks 
fitii7ope\ the prickled Dog, or Hound Fifii the fmooth Hound 
Fijb ; the Comvoal Bound ; the Morge^, or lejfer Hound Fijb. 

rt. Of the plain Cartilaginous Kind are the Scate or Flare 5 
the Thornback ; the JVbite Hor/ei the Jngel or Monk Fijb \ the 
*Ioad Fi/b, or Sea-De^L 

10. Of the plain fpinous Kind are the T«r^^/ or Brett; the 
Cornviol Lug alefe ; the Plafe ; the Dab^ the Flounder, Fluke, or 
Butt ; the Holy Butt^ or TurbotQi the North-, the Sole. 

11. Of the Eel Kind, we have the Lamprey ; the Lampern ; the 
Conger Eel ; the common Eel -, the Sand Eel or Launce ; the But* 
terFlJb ', the Sea Loach % the Eel Pout, or burbot ; the Sea fVolfi 
the Sea Lark \ the Crefted Sea Lark ; the Liparis of Rondeletius i 
the MUlers Thumb ; the Z)a/r)6 Poto-Hogs. 

12. Of the Kinds of Fifh wanting the J?^/^ F«ir of Fins, we 
'have the 5a« Fijb ; the ^w of Arijiotle ; the 5*^ ^«//ifr ; the 

Sav) Fijb ; to which naay be added the Mermaid ox Syren. 

13. Of the Non-Jpinous Kind with three unprickly foft Fins on 
the Back we have the Cod Fijb 5 the If'biting Pollack -, the CoU^ 
fijb ; the Whiting Blonds ; the Haddock ; the IVbiting. 

14. Of the Npn fpinous Kind with only t^^o foft Fins on ,the 
Back, are the Hake ; the L/m^ ; the Tunny, or Spanilh Mackrel ; 
the Grayling, or t7i^#r ; the Gimard ; the ^^>&^/^ ; the Salmon ; 

Che 
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fcrve to you, are the following: i. As theyi 
were x>riginally made out of the Water^ . fa 
that' is the only Element in which they can 
live: And therdfore, becaufe, 2. Their Mo- 
tion is fmmmng^ they need no Lqgs, and fo 
have none. 3* Inftead thereof, they are 
much better provided with Fm» and tnxx^ 
efpeciaily a proper Sort of Tails, which ferve 
as O^irs to waft themfe^ves about withal in 
the Water: For, 4. The Fins on the Belly 
principally ferve to keep them from turning on 
their Backs, as being the heavier P^t ; m 
they would do were thofe Belly-Fins cut off. 
5. The Fiflies ufe Refpiration in Water, by 
paffiflg it through their Mouths -and Gills •y for 
their Gills Terve in them the C^ce of the Lung^ 
in otlier Animals, h. The Bodies of Fifbej 
Are contrived with fuch divine Geometry^ a$ 

<tlic Sahilett or Srhulin ; the Gnt^ ; the Salmon THut ; the Scu^/i 
^t'BuII^rcuti the Trout i l\it Red Cbarr i the Gilt Charr i thk 
Smek i the Rock Fijby or Soa gudgeon ; the Lua^ or Sm Ow/f 
the Do£9 as *tis called in the Jfyi of England. , 

'-' >5i Of the N^fpinous Kind with only ^m Fin <m the SiacJ^ 
fire have the Herrhtg; the Pilchard i the Shad- the Sfrat^ 

i which is poly a young Herring ;J the Garr'fijh ; the Sturgeon 
lie Pike or Jack ; the Cafp ; the Bream ; the Tench i the Oerwt ; 
the Chuhb i the Barbel i the Dace ; the Roach ; Bleai^ Gudgeon ; 
Loach ^ and Minnow, Note, the laft twelve of thefe are calle4 
XMalacofiomi) Uather^mouth''d FiiheSf becaufe they have no Teeth ' 
in^ek 'Jaws^ but only deep down in their Mouths^ 

1 6. Of the/pinous Rmd with Aiuo Fins im the Back, ^f which 
the foremoft is aculeate or prickly, we have the Baffe ; the MuU 
iet ; the Grc^ Garnard ; the Tub Fijh 5 the Rotchet ; the Piper ; 
t&e Sur Mullet ; tKe Spider ; the 5fW j the Perch ; the Dor^*. . 

17. Of the aculeate Kind with only mt^ Fi/i off /^^ Back, whofe 
2^z^/V zxefome prickly y zxi^ fame f oft ^ we have the Gz7/ £&W; the 
Old Wife i the jR»^; the Prickle Back, or Banfiicle; thelcffcr 
friekleBack. . 

18. Of the Cetaceous Kind, there are reckoned only the Ba* 
iana Britannica of the Antients^ at this Time not known ; the 
jcommon Whale ; the Do^hin i and the Pofftffi. * 
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to pafs thro* the denfe Medium oi Water witH 
the greateft Eafe^ • and the leaft poflible .Re«' 
iiftance from it, 7. How wonderoufiy are they 
defended* beautified, and rendered more apt 
for gliding thro' the. Water, by thofe hard, 
fmooth, poUfhed, numerous Scales^ .with which 
the Surface of their Bodies is fo curioufly over- 
laid ? 8. The great Author of Nature has con- 
trived the Eye of Fiflies juftly fuitable to the 
Nature and .Refraftion of Water, different 
from that of Air, for their Eyes are flat out- 
wardly, and not protuberant, left they jQbould 
wear and hinder Motion? but the cryjlalline 
Humour is mdAt fpherical 2^16, not lenticular^ or 
flattifti, as burs, who live and fee thro* Air. 9.- 
Fifli are contrived with an Air-bladder^ which 
makes them buoyant ; . and according as they 
dilate or contract their Bladder, by the Means 
of Air, fo they are enabled to abide higher, de^- 
fcend lower, or remain in what Part of the Wa- 
ters they pleafe., 10. Some Fifhes are wonder- 
fully formed with Inftruments of Defence, Pro- 
vifion, &c. What amazing circular Rows of 
horrible Teeth fill the Mouth of a Shark? Other 
fome are endued with fFings ; fome have two 
or more Feet, as the Male IVhale^ &c. See the 
wonderful Vnicorn^FiJk {n Fig. LIV. oh Plate 
XXVI. fronting p. 342. whofe Horn is 10 or 
12 Feet in Length. The Sword- Fijh in Fig. 
LV, and the Saw Fijh in Fig. LVI. on the 
fame Flate^ are very furprizingj the Sword 
and SaWy where they flioot from the Head, 
being 6, 8, or 10 Inches wide, and about 5 
or 6 Feet in Length, as I remember to have 
feen them j the Teeth of the Saw at the broad 

End 
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End being as long as one's Finger. , 1 1 • The 
Size of Fifh, and other Water Animals, is 
almoft infinitely different, the greateft is the 
Whale (called Leviathan in Scripture) being 
the biggeft of all : Ptiny^ lib. 9. cap. 3, men- 
tions fome Whales 960 Feet in Length ; and, 
lib. 32* cap. I, he mentions Whales 600 Feet 
. long, and 360 broad, which came into a Ri- 
ver oi Arabia. 12. The Species or Sorts of 
Fijh are as various as their Size, and cannot 
be all known. I could, had I Time, have 
named to you a far greater Number of re- 
markable Peculiarities in the Nature of the 
Jinny Tribe : But, if you defire a farther Ac- 
county you may confult the voluminous Wri- 
tings of the Learned. 

A. Sir^ this is abundantly better than none ; 
pray proceed to recapitulate fome of the chief 
Things obfcrvable next, in the Nature, of In^ 
JeBs^ if you pleafc *• 

B. Nothing 

* Mr. Ray, in his Method of Infeas, diftingaifhes Infeas 
into two general Kinds, nnK, fuch as change their Form, and fuch 
as do not change their Form, 

2. Infers lAjhicb change not their Form^ have fome 6, fome S, 
Ibme 14, others ;k4 Feety and fome many more^ which are there- 
fore called PolypodeSf or Multipeds, 

. 3. Thofe that have but fix Feet are terreftrial or aquatic i the 
terreflrial are of various Sorts, as the Lbufey the FUa, the Crab* 
Lou/is the Wall'Loufe^ the TiVi, and feveral others found in the 
rotten decayed Wood of Trees, old Books^ in Meal^ in the 
Martbf itL Flowers, &c. Thofein Water area fort of Loufe ad- 
hering to Fifh ; and the Squillafluviatilis. . 

4. Infeds with eight Feet are either with a Tail as the ScoT'^ 
fion, or without as the Sfider. Of this Sort iome/fin no IVeb^ 
have but two Eyes^ and very long Legs, as the Carter or Shef* 

^ herd. Others ^in a Web, and have many Eyes, and are of di- 
vers Sorts. To this Tribe of eight footed InfeQs belong feveral 
Sorts of TiVi/, and the $yrones or Mites. 

5. Infeds not changing Form^ and with 14 Feet, aie the Arfel& 

m thofe of the Wood-Ua qi Ckfs-bob Kind pf whicb (oxat live 

y.4 » 
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JS. Nothing pleafes me more > therefore with 
Regard to Injehs^ I obfcrve, |. Th« though 

ifi Water, fqjfie on Land ; to this Tribe arc alfo referred a Sort 
of IViUBr Gnat or Fly, and a Water Loufiy found upon Fiih. 

8. Thofe which have 24 Feet, have the 8 fore Feet iefler# 
and the 16 hinder ones larger. Of thefe there are two Kinds 
obferved| both with Ions ]£)dies ; one larger and of an obfcure 
Colour, anu>ng the Rocks hj the Sea-8iae ;. ibe odier of a Sil^ 
ver Colour, found in Hoofes. 

7. There is a Kind with 30 Feet, of an oblong Shape, Chef-- 
nut Colour, and fall flattifb Body, ufually lymg under Logs and 
Trunks of Trees : it is very agile and fwift. 

8. The Multiude Infeds, which change not their Form, ar$ 
found both in Land and in Water ; thofe on Land are either 
reundi/h in the Body, with aU tj^eir Legs rifing out of the Middlo 
of the Belly nearly, as the Tulus, or more fkrt and comprefsM, 
with their Legs growing along on each Side, as the Scoldfeu^ 
dra. "-- 

9. And fome of thefe Multipeds ere i^uatic, of which Mr* 
Ray makes three Sorts, 'uiic. the Cornijh L«gj with 38 jFeet j the 
9colopendra Marina, and a ^o-tai/ed Ammsl lying in the' Clefts 
ef Stones under the Salt Wa^« 

10. The fecond Kind of Infeds are thoCe oMcb change tilnr 
Torm^ or midergo a real Meta'morpkofis. And this is of thre<?. 
Sorts or Species ; *vix. The faft is when the Tranfmuiation or \ 
Charge is^Jtn^e and inftantaneous ; there being no feniible ^top 
or Reft between the Old and the l^enu Form. TYiQ fecond Species 

is when there is a double Mttamorphofis ; as firll into a Chry/alis^ 
ttA then into a flying Infea, The third Species is a fimple 
Change from a Worm to a flying Infed, but yet with afenfiWe 
K*ft orBt;6p betwoen one form and the other. 

J I . Of tlhe firft Sfeciei are the Lihella<K Perta produced from 
an Infcdl with 6 Feet ; the Cimices Sikjeftres, having the Figure 
^ St. Andre^\ Crofs on their Backs. The Locufts. The 
GryUo Talpa, or Mole Cricket. Crickets of all Kinds, The 
Graihopper; The Biatta. The Ephemera, which lives but a 
Day. The Water. Scorpion. Water flies of feveral Sorts, &c. 

i Z, Infers daSLQgmgFoTmotthe/econd Species, or which under- 
, go a double Tranjmutation, are very ^nmerous ; they lie a while 
before Aeir Change quite ftill, without Food or changing Place. 
, 1 3. In refpeft of their Wings, they are either Faginipennia, or 
fiicK as have Cafes within which th^ withdraw and cover dieir 
Wings, as ail tktScarahiti, or Beetle Kind ; or Anelytra, whofe 
Wing^ are open and expanded* 

14. The ^r«r<z^j or Beetles are divided in refpedi of their Homa 
iafio the liafiiorftis^ ik&Bucerota, and Cervus Folans, (ft Stag-Fly. 
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^icy arc a fmall, and deemed a defpicabie Spe- 
cies of Creatures, yet whea well confidered^ 
aiid carei^uUy furveyed, with a MUrcJcopej they 
will appear tlic Pride ^f , Nature, . wherein ihc 
has be^owed more nice and delicate Art, and 
difplayed mpre profijfdy the rich f^mbroidery^ 
and elegant Beauties and Qarniture of Colo^ra, 
than in any of the larger Species of Anir^als'; 
tjiough unheeded and unfeen by us. 2, trife^s 
are fo called frora the Shape of theii' Bodies,- 
whichfeem as it were (infe&a% i. e.) cut iuto 
two Parts or Halves, aiid joined to one anoh. 
ther by a imall String or Neck, as in jints^ 
FUes^ Sec. 3. They are all Oviparous, that is, 
they lay Eggs, from whence they are all pro^ 
duced. 4* The different Kinds of Infers ve^ 
ppfit t^eir Eggs in different Places; ibme ia 
$eer^ Vinegary &c. Some in Tlutns, P^^p^% 
JtsfutSj &c/ ^as the Ichneumon Flies : In Peun^ 
^pples^iLQ. as the Phakena^ Kind: In the Bfirk^ 

In reijpeft of 'tpf ? ir Antennay tkey are of many £i9Uls,. pf vhidh 
the moil eminent ure the Capricomi. Someiro^ their Motipn 
Are called Sahdtrices or Leapers ; and others from their Colours 

If. To the Beetle Kind may be referrM the •G/f^w'st^rMi $ 
the Staphylhus ; and the Oil Beetle^ fo call'd from its emitting 
^fort of Oil from n% Joints on being fqoeezed or prefTed. 

16. The ^elytra or Infers whofe Wings are open, and with* 
out Cafes, have their Wings t\\}^^x faran^cfous or vifahi'^ the 
Butterfly Kind ; or membranous and tranfparent^ as the flie Kind. 

17. Tke 4nelpr9 with farinaceous or mealy Wings are oC 
two Sorts, viz, PapilioneSf or Butterfies, which fly by D^i an4 
the Fbahemey or Millers ^ or Moibs which fly by Night, Th^ 
Various Sorts of each are fo fiumerous as fcarce^to be recounted 
ormethodized. 

' 1 8* Anelytra with membranous Wings are a large Species, and 
comprehends numerous Tribes of the moft perfe& In/eSlsy as the 
Horuft^ the Hmrtble Bee, th£ Bee^ the iT^, and all the i7f> and 
Qnm Kind ^ hitherto is alio referred the Formica or Jntn Moft 
of this Head come from a Vermicle or Maggot by a Metamor- 
(Mis of tli« tl^ Kind. "^ 
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Woody Budsy Leaves^ &c. of Trees. The V)hite 
ButUrfiy lays its voracious Offspring on Cah^ 
iage^le^tves : Some, which require Warmth, lay 
their Eggs about the Bodies of Animaby as in 
the Feathers of Birds, the Hair of Beajisy and 
even in the very Scales of Fijh : Some go far- 
ther, and penetrate the Body itfelf, and its Ca- 
vities, and there lay their Eggs, as in the Nofe^ 
CutSy the KidneySy the Bladder ^ the Brain, in 
the Gail^bladder itfelf, and in the Flejh in gene- 
ral* 5. Hence the furprizing Produdlion of 
idaggots and Vermin in all thofe Places, and 
Parts of jinimak now mentioned. 6. The Me- 
tamorpbofis of InfeSls is a Thing extrenaely afto- 
nifhing j I (hall give from Mr. Geodart an In- 
ftance thereof: See Fig LVIL on Plate XXVI. 
fronting ^♦342, The Eruca or Caterpillar A, 
hath its Origin (faith he) from the Egg or Seed 
of a Butterfly C, called the Peacocks Eye i I 
took it the 4th Day oi May 1635, and nou- 
riflied it with the Leaves of Netded till the i rth 
of June the fame Year ; at which Time it be- 
gan to prepare for its Transformation to the 
State in which it is called Chryfalis or jiureli a zs 
B ; in this aurelian State it continued changing 
(with its Head downwards) 1 9 Days, at the End 
of which, there proceeded from this Aurelia a 
Butterfly C, with four Wings 5 and from its 
elegant Colours, called the Peacock's Ey^,^ as a-^ 
forefaid, y. InfeSls in their firft State, as Maggots 
and CaterpillarSy feed on hard and coarfe Diet, 
as Leaves, &c. contrary to other Animals ; in 
their aurelia State, they fubiift without any 
Food 5 in their mature Statey as FlieSy they live 
on a more delicate and tender Diet, as Honey 

from 
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from Plants, Blood from Animals, @*r. It is dis- 
covered by the Micro/cope^ that the elegant Co- 
lours of Butterflies^ &c. are, owing to neat and 
well-made . Feathers, fet with great Curiqfit/ 
and Exadneft in Rows and good Order. 9. The 
Eyes of InfeBs are hard, fixed or immoveable ; 
and fon^ have more than two, as Spiders have 
4, 6, or S Eyes: Flies y fFa^Sy &c. have the 
Cornea or outward Coat of their Eye made of 
curious Lattice-work, as is reprefented. magni- 
fied in Pig. LVIII. on Plate XXVL fronting 
p. 342. The Eyes of thefe InJeSfs have this Con- 
trivance to fupply the Place of the cryftalline and 
mtreous HumourSy which they ('tis thought) 
have not. 10. The Antenna^ or Feeler Sy which 
grow from the Head of InfeSlSy ierve them to 
feel out Obftru<5ions and Annoyances in. their 
Walk or Flight ; are a good Guard to the Eyes 
and Head 5 and in many, i, very beautiful Piece 
of Garniture to the Body. 1 1 . As to the Motion 
of InfeSlSy fome creep, fome leap, fome walk, 
fome fwim, and moft of them fly ; fome fly 
with Wings, others by help of their Webs,' as 
Spiders y^nd others by Means as yet unknown. 

1 2. The Wings of many InfeSis^vQ a moft curious 
Piece of Workmanfbip, diftended and ftrength- 
«ned with the fineft Bones, and thefe covered 
with the fineft, tranfparent, and lighteft Mem- 
branes 5 fome adorned with neat arid beautiful 
Featliers, and many provided with the fineft 
Articulations and Foldings, for the Wings to be 
withdrawn, and neatly laid up in their Vagina 
or Cafes ; and again readily extended for XJfe* 

13. Thofe Infers which have four Wings, have 
their Bodies thereby, kept ftcady and upright in 

Flight ; 
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Flight 3 and thofe which have but two Win|3 
have Poifes or Pointils^ like licde Balls, &t under 
their Wings on each Side their Bodies for diat 
Purpofe. 14. The Minutenefe, Art, :and Curi- 
ofity of the Joints, Mufcles, Tendons, Nerves, 
4^r. neceflary to perform the Motion of the 
Wings, Legs, and other Parts, is a (iirprifing 
Thing to all who confider it 15. The Nidifi^. 
cation of Infers izx excels the moil ^sxq^ifite 
human Art, witnefs the nice geometrical Combs 
of fome, or earthen . Cells of others, pir the 
Webs, Nets, and Cafles woven by th^ ^dmira* 
hle Textrine jirt of fome otjhers. i6* Again, 
ivhat ftrange InfiinB leads oth^crs of thofe ftnall 
Creatures to make even Nature itfelf fubfervient 
to their Dcfigns, by making the Fegetatixm of 
TreeSy and Plants, the Means of building their 
little Ne/is or Cells ; fuch as thofe Cafes, Galis^ 
and Balls^ found on the Leaves and Braoehes of 
VtgeUlbhi, of many different Sorts ; fome being 
liard Shells, ibnae tender BaUs^ fome fcaly, fome 
fmooth, fome hairy, fome long» rouad, conical, 
&c.. ly. They have Parts analogous /to the 
JSratm Stomachy Entraik^ Arterits^rVeim^ 
Serves y LympbaduBs^ &c. yet being fo wonder^- 
ful fine and tfcnder^ are, as it were, iocludcd 
within, the hard Cafe of their outward Body;, 
wherewithal they are cloathed and defended, as 
fcvith a Coct^ MaiU % 8. Again, how c^Airioufly 
ire thofe Qiatward Teguments, or hard Gifes of 
Jfife&$ Bo&at^, contrived? How are they fet 
with i JBnj^/e* f , (harp i^w/, &c. forDeience? 
Jiow are they adorned wuth neat Imbricationfi^ 
ftnd ipanyxjther Beauties, and Fii^ries ? 19. As 
the Ma^itude of (pme Species of Animals is 



* rf 



^e Nature ff InJeBs. : 3^5! - 

very wonderful, on the contrary, the Minute- 
nefs of fome InfeSs is far more amazing: Mr^ 
Leuwenboek has obferved more of thefc jini*' 
maJcutes in the Melt of a Cod^Fi/hy at one Time, 
than there are People living on the Face of all 
the Earth at once. It is dfo found, that in a 
Drop of Fepper-wsU:er are contained above 
8280000 of thofe fmall Creatures; and fome . 
are yet difcovered fmaller than thefe, £q that 
Millions of Millions might be contained in one 
I)irop tf Water. 20. It is the infinite Number 
of thefe invifible Animals that makes fiagnating 
Waters appear of fo many different Hues, as 
green^ brown^ reddift)^ &c. But I cannot far- 
ther enlarge, for want of Time. 

A. Well, thefe Things loudly declare the won-* 
drous Skill and Wiidom of their Maker; and 
great Pity it is they are not more attended to : 
But, pray, continue this pleafing Survey next ia 
the Nature of thofe Creatures you call Reptiles *. 

JB. In 

* Reptiles are ekher terrtfiriat or aqimtie, Terre^rinilUftiUi^ 
or fuch as are foand on Laad, or in the Earth ; among thefc 
die Serp€ni iurW are the principal ; of which fome are nfenomaia 
in their fiite» as the Rattlesnake, the Viper or Adder ; and^ feme 
think, the Slo-nuorm ; but that, as well as its Blindnefs^ is thoug^K 
by others to be an Error. Some are not 'venomous, as the common 
Snake f and many other Sorts of Snakea in foreign Coontrl^. 

2. The next coniiderable Species of Reptiles are Snails of a}i 
Sorts : Of thefe fome bear Shells of various Forms, Sizes, and 
beautiful Colours. Others have iw Shells, as the largei black 
Snailf and others of a greeniiH and yellow Colour ; witli all that 
fort we call Sluggs, found under Boards on moiH Ground* and oo 
the Leaves of Plants, &c* 

3. To the Head o( Reptiles alA> many refer the MnUipeJe Kind i 
for as they cannot* without great Impropriety, be called 
h^e^s ; and as their Motion, tho' performed with htgi, i« yet 
a Sort of Creeping or Crawling, fo they may be very fitly called 
Reptiles : but as I have, accordiDg to Mr. R^^s Method^ men- 
tion*d them in the lail Note as a Species of InfeHs^ I {hall fay 
nothing more of 'em here. 

4- The 
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B. In iht Reptile Species feveral Things are 
common to other Animals, and have been al-* 

■ 

ready obferved ; and fome Things are fbmewhat 

parti- 

4. The Lumhrici or Earth Worms are a moft conf^icnous Part 
of the JUpii/i, Kind: Of thefe f6me are of a larger Sort^ callM 
Dew'fForms ; fome of a liffer Jbrt, of thefe there are ReJ and 
Grecfg, with j#//ow Tails ; which latter are caird Gib Tails. 

5.' Worms found in the Bodies of Animals make another large 
Species ; as the Terms, the Laiig the J/carides in the 6o\Yels of 
Men ; the Vermiculi Setiformes^ and the Botts in the Inteftines of 
Horfes and other Beafts. 

. 6. Aquatic or Water Rtpiilis are of various Species ; 'of which, 
in regard of their Motion, Eels make the firft Diftinfiion : But, 
from their more general Nature, they liave always been con* 
fidered among the Fifi Kind, where of Courfe I was obliged to 
take Notice of them in this Survey. See NQte, Page 347. Art. a. 

7. The Leaches make the next Clafs of Water Reptiles : Of 
thefe there are three Sorts, viz. the Mfdicistal Leach, or Sangui* 
fuge% the common Wzxia Horfe Luuht and the AHi coloured Soa^ 
Leaches. There is alfo a fort of this Kind that h/nudler ^Xidflat* 
ieTf which is found (licking to Stones at the Bottom of Brooks. 

8. Befides this there is another lefier fort of Water Reptiles, of 
Dvliich fome are round, long, and hlaci, and others red; the 
Black hath two fmall Horns on its Head ; the Red is about a Fin- 
ger^s Length with a Forceps at the Tail. To thefe may be added, 
thofe very fmall ai^d dcndcv Jnnicula which lie in Clulters in ftag- 
nant Waters, and from a VefTelof aiS/i/F/iy/Vwhich appears thro* 
the Body of each, they make the Water look red in divers Places. 

9. There is another Sort of this Kind which U^t, and very 
fmall and thin, and are calFd FMes 1 they are fometimes found 
in Waters, and fometimes in the Branches of the poms Bilariut 
in Sheep. Befides thefe there are many other Species without 
Name or Diftindtion. 

10. I- think thofe Water Animals which are covered with a 
Theca, or fort of Cafe, are to be rcferr'd to the Clafs of Reptiles. 
This fTheca is either immonfeahle, being fixed to the Stones» and 
is of a Figure round, or elfc more comprefs'd and flat. Or move- 
able and portable, vi\\\c\i Theca is commonly call'd Phryganeai 
and is cither ^rait, or crooked, 

1 1 . The ftrait Theca is compofed either of Strdnvs and little 
Feftuc^ lying parallel one to another, of which there are two 
forts, a greater, where the Feftucat are two Inches long ; and a 
leffiTf which is very common, and are call' d Straw -Worms. Or 
«lfe the Fefiuc^ lie tranfverfly, and are fhorter, having fome- 
times Pieces of Shelis or Stones mixed with them. 

1 2. Others whofe Thedr or Cafes are firait alfo, have no 
Fefiucte, but always either Sand ov Gra*vel : and of thefe, fom« 
have the Theca round, and are calld Cod baits ; others are flat 
and ccmpreiTed. 13. Others 
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particular and peculiar to them^ which I (halt 
remark in the followingOrder : i. Their ^na^ 
ous, vermicular^ or creeping Motion is very curi- 
0US9 and contrived with the nicefl Art, and geo- 
metrical Neatnefs, 2. The whole Body of a 
Worm is^ as it were^ but a Chain of annular or 
fpiral MifcleSy whofe orbicular Fibres by con- 
tradting render each Ring (at firfl wide and ex- 
tended) more ftraight and long ; and thus the 
foremoft attra<fting the next behind^ the Adioa 
is continued through the Length of their Body^ 
and produceth their vermicular or fpiral Motion. 
3. The Serpent Kind move by means of annular 
Scales lying ftraight acrofs their Bellies^ contrary 
to what they do.«n the Back, and other Parts 
of their Bodies. I^ow the Edges of the fore* 
moft Scales lying over the Edges of the hinder 
from Head to TalLrun out a little beyond them^ 
fo that when each Scale is drawn back, or (eta 
little upright by its Mufcle, the outer Edge 
thereof (or Foot) is raifed alfo a little from the 
Body^ to take hold on the Earth, and fo produ«* 
cing, by the fucceiCve Adion of all, the finuous 
IJlotion of the Serpent. 4. The Motion of Snails 
is performed by the undulatory ASlion of a long 
broad Skin along each Side of their Belly ; and 
they are enabled partly by a flimy glutinous 
Matter emitted from their Body, and partly by 
the Preffure of the Atmojphere^ to adhere firmly 

13. Others have the ^eca crooked or horned^ which runs ta- 
pering ; of thefe there are reckoned four Kinds, a greater and a 
le/Ter hlack Sort ; and a greater and leflfer Jfi-colourd one. The 
7heca or Cafes of all thefe forts of Cados IVorm are admi- 
rably contrived, being cemented or glued together in fuch a Man- 
ner as not CO be ealily feparated one Part from another ; and 
by that Means thefe Creatures fecure themfelves from the Vara- 
racity of fuch Fiih as would otheiwife make *em their Prey. 

to 



5^2 Ibe Philosophical Grammar^ 

■to all Kinds of Saperficks, and in dll Poflure^. 
1^^ Caterpillars^ while in their vermicular State ^ 
^re cuKioufly provided with little Feet, the fore- 
ttioll (horl and hooked, to draw Leaves, tSc. to 
them ; the hindermoft are broad Palms, befet 
around with fmall (harp Nails, by which they 
•ftick to, and grafp whatever they are npon : 
Whereas in their Nympba or aurelia StMe^ they 
have neither Feet nor Motion, but a little In 
their hinder Parts ; and in their mature or w- 
feSl St ate y they have motive Parts proper to that 
Species of Animals. 6. It is a wonderfol pretty 
Mechanifm obfervable in the Going of Mille^ 
pedes {(xMultipedes) that on each Side of their 
Bodies every Leg hath its Motion, one very re- 
■gularly following the other from End to End 
of the Body ; fo that their Legs in going make 
d Kind of Undulatimy and give the Body a 
fwifter ProgrefSon than one would imagine it 
fhould have, where fo many ihort Feet arc to 
take fo many fhort Steps. 7. The Spine or 
Back'bone of Serpents is really wonderfiil : 
How thick are they fet with Joints, or Ferte^ 
irce ? How numerous and ftrong are their Co- 
operating fmall Mufcles ? By what curibus -^fr- 
ticulation of the Vertebra can they turn and 
wind their Bodies any Way ? 8. Some of the 
Reptile Kind are provided with a poijhmus Mat'- 
ter^ fcrving to the more eafy Conqueft, and 
fure Capture of their Prey ; and probably may 
ferve to the Digeftion of their Food. 9. The 
,Poifon of the Viper lieth in a Bag in the Gums 
at the End of a certain fharp Tooth, conveyed 
thiiher by a Diid from a conglomerate Gland 
^2 ' lying 
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lying m the Side of the Fore-part of the Head, 
by which it is feparated from the Blood. This 
Tooth is tubulated or hollow, thro' which when 
tht Serpent biteth therewith, the Poifon is con- 
veyed to the Wound, i o. The Size^ or rather 
Length, to which fome of thtfe Serpents grow, 
is very furprizing. I have fecn the perfe<a Skin 
of a Rattte Snaie 22 Feet long; and there are 
others from 30 to 40 Feet in Length. 1 u Thofe 
Creatures of the Serpentine Kind arc the moft w- 
vadous^ or tenacious of Life, of all other Animals. 
Thus xWe fee Eek^ Jidders^ &c. live, have Mo- 
tion, yea, are very ftrong, for a great virhile after 
they are beheaded, flea'd, and difboweled : The 
Reafon of which is owing to the greater Firmity, 
Solidity, and Coiiij^dnefs of their Flefh above 
that of other Creatures; fo that, the AQion of 
the vital Springs, or Caufes of Motion, continues 
Icmger in them than in other Creatures* 1 2. Mr« 
A Redi relates, that Serpents and Vipers will live 
not only fome Days or Weeksy but many Months^ 
without Food, (hut up in a Box, yea that they 
Ivill be abk to bite^ and emit a deadly Poifon, af- 
ter eight, nine, or more Months. But if the Vef- 
fei be open, and they perfpire niuch, they die» 
without Food, in a mort Time. 13. Some of 
thofe Reptiles J as EartlhWorms^ Snails^ &c. are 
Hermapbrodites\ that is, have the genital PavU 
of both Sexes, thq fame JForm being Male and 
Temale, £0 that they . mutually copulate with 
each other ; and the Parts of Generation are 
placed in the Necks of Snails, juft under their 
Heads. Arid would you fee more of the won- 
derful Nature, Kinds, and PecuUarities of the 

Z . Reptik 



Reptik Specif s^ yoti may be (ktsfied bj sdadtik^ 
ffte NaiQfd MlAory of tbefevcrai Partem ^f^^^ 
jffHca, and America^ - *< . , . f 

yf. iS/r, I tdank ^ow } I tlo not know^ but 
that ItMYi whefi 'I have Opf)ortuihit)il and Lew 
fore: Bat, pray^ m\toli bavtoynn to obi^rviqiill 
the Katiire of c)iofeiyou)taai SMi^Mmah ^ .? ; 

ma/s are 00$ well kmnfn nor fuffickntiy di^eifed by^aturaliAs » 
moT is it poffibie they ihdbtd; 'Ante their ffMiOir'iniiFarh^-t^ 
§» excetttiftg'^gica^ aad^tte Bottom of tkcr^m .i|ifii^;pii|fe|ip#l 

z^ However, iome oT tlic fflbre ("dtbmdft and'tfiil^g^Kh^ ol' 

f^era Zf^hinmhct dr hare /%ii? ^W/r, 'j^" * ** V 

^ 3. Of fingle^ Skell.ilh iliertr ?9'ig^f%riil^;^^ 




tkey move with great __ 

^ tho' ml o,t)<€r. Aiiimt hath the Pdyeir .<if rei^e^'ng ^ loA 
Limb^ S»mc fay, the Lokfier (s un'dropnom^ 1. c. 'hatH bbth 
Sexes in irfelf i But others doubt k. I^h nIpoMdf ttiere tfro ikM 
^ (eve^at Socts ' ^lifk/hrt^ aM doe|htd with . Shelii ; of k^ 
LM^ I^iid are^ t^e p-Aot; Fifi, the Pra'wn, the 5^rir«r^, &c/ 

5. thCc Ci-tf^ is the next Shfelf Fiflr of Note«^fts Legs aa* 
ila#s iM'Hljr ^h^e of the Ld^fi^r for NttiAhei^, Parts, and 




ankKig tilli^aStMliel arid Rdcksidcd LoM|rf«vind<|kfe n^Ttr fo^hd 
Qfioc^vwr:d-by the ^M^atcfs, e^c^ when vrnr yau^ig and JTmalU. 
en the Shores it low Water. 'Th^\r Sfifiubk.mt that 6f £(»^* 
/^m, coi^fiflfs of fmin ^ggi^ aiad tbt Time aff 8{Mviiio| ib 
^h ts l|ie fame. The Cr^^ l^ind hath, alfo ka 5^»//^ as the 
SpidkrCriJf, the ^^/(/irr Crab, £ce 

^ Thr 
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6iMf Survey of them will be rcty btlef^j and 
1 fliall obfcrve to ytiu> k That thofe Creatures 

have 

bav^ five, poiitr4iJ^« which pmce^from tkeBody m thift 
<!!ettter» and by bending thefe backward and forward i^ove ii| 
aft Di«ftiAiierindl!fe*fth%. The Mduths ofalfthiVKindard . 
in thA<C«fttiar* p£ theii) BcMielv ati^ arto«^ itlih Tciith ; f hey 
have fpej;^i li^l^ %fh^ Trpfiks v^hjifb tbejr 4s^t$ jnt^ t)^ Jlfif^ 
thro* which tiiey fi^ck their Food. Thefr Organs of DigeBion^ 
eMrMmtf'^ itk'^tmg Of Bxtreviertfi^' i»6 isoryet difcov^r*dI 
, 7<. Ilbrjinotfiwif^qdfrlqi Fi/h oil l^is Kiln)^ iaakt Sm& ^.9 
Iwefcens^ (o call'd becaufe from its fmall Body, as a Center^ 
proceed a prodt^ioas Number of Branches ail around, whof<^ 
mmxtf^ iemd ihiii^te R^ffi^^citis' make ^ f^rptizing SLind oC 
fkrH^of^, WhM the Kttle Arfimkl. ii'batirig afeoiit intkeWAtefi^ 
•rtlls'.o^iti'Prey, whifch' It ih^A catches a« Fifh arie caught xtk 
z^ing^Nit. Thereis ^¥Hli>jrf^ff Sort tb Be feieh in the il*<. 
Jim tm (he'koyal Soiieqr te Qrahtt^Cd'art, fietijMn^Q{& Si-* 
tnificatlons are reckoned xpore than twenty thoafandin Numberl 
4. 'BeM€» thtdlb a^e divl^ dtlt^rs wKofe Natures^ are very 
i»%ii4erfulji»t»elifi«^/ithfri^^«y ZaV^; 5"^^.2fr/^/»/br Button - 
FHlie^; Cknter- /belli sy/^itii atie Ceffs for frtiall'Fiihes df th^ 
Oyiler Kfhd ; tht SedMfft; tRe /•/>^ /^(?m 5 with riianyothers/ 
9. There Jkfe teftt^Viii^ahii Sbeffi', which" are atJr^i/>^if//," oy 
W 2t^al^tiXi. Ah tli6' /tof/i&i of Safldr ; xktfurhinata, of 
J9^iV/i of fevcraT iSortS, gwrat atidTmaflj the ^^4-5^/^/^/^, and 
Btigir'd Whit'li the M>e^ th* mrf'^ tScf Top-Whirl \ the 
Bkukim/te'fekth\ fliie Vmotn-Sbttfi t\^^ Hffle^SMl ; the Sfi- * 
gier-SMl i the Suctina 6t Truftli^et ; ttie great ftiuric^ted ^vV/- 
flite GoKleA' ?f^i«/ ; with fevefral bchei-s. Thefe 8fhells ate 
fbrni? (a ISifgd^a* tb'wcigh Wair ten Potffids ; and the njdonderful 
OokMnng of dthfett farpai&s thfat of BiMs; bo^h for the r^?r%^ 
OrJ^ aiid Intntfiij thereof. Prom that call'd thfe Purpura the 
Antients o^lhiaed their Piit^le Colour; with which they dyed 
their Siiiffirr the' O^^iWtf/ and Kermes-Cotli d/e a SrW^/ in. 
COIrtpafably bectier and more iaftlng. 

10. Thefecoiid K:iid of Shell -Fiihes iare bi^vdhousy or whofe 
Shells confid; of two Pieifes, or open with two fimtkr Parts^ 
Among thefe the Oyfler obtaifts the firft Place; the Mu/ch 
next ; then the Scallops and lallly the Cdckles of every Kind. 

It. Thefcl are Cal!*d inawoeahle Shell- fijh, as not being abk 
to remove themfelves horn their firft Situation ; they are alfo 
faid to h€ Hirmaphfodite, %% not having the P6wer to feek at 
itiiy Difhuice Me of a cbntrary- Se^t for 'Copulation, which 
Ihertforc if a ncctflkry f rovifJtJti 6f Nature. 

V Z i 12. Th« 
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have a Sort of middle Nature between Plants and 
Animab; and therefore the moft imperfed of allf 
the animal Creation. 2* They are therefore called 
' Zoopbyta^ from Zmov^ an Animal^ and Ou7oy> a 
Plant I as mach as to fay, animal Plants^ or w- 
getabk jinimals^ becaufe they gather Food/ and 
feed with a Mouth like other Animals^ but grow 
or adhere inunoveably toaShell by theMembrane, 
as Plants grow or adhere to the Earth by their 
Roots: Such ziSnails, Oy/lersfiockles^ and all the 
concbiliws Kind. 3* The Shells of theie moft con- 

12. The Ojxfiir abides at fttch a Depth of Waters as not to h* 
left oncoverM by them* Bat the Mu/cU has generally its. Situa* 
cioa in fuch Places on the Shorcor Rocks, as by ihe Fall of the 
Tides they become expofed to tl]« open Air. The C^cJtU is al<. 
ways bedded in the oand» upon thofe Shoses which are an- 
covered at low Tides. 

13. The Food of Oyfters and Mnfdes are fome Kinds of &«- 
W^iids^ and the fineft Parts of Mud and Sand» and the Wa(h o£ 
the Sea. The Cockle feems likewife to draw its Nonriihment; 
^rom Earth, which paifles thro* its Body, like Barih W^rmu 

14. Mr. LiweniotA favs, that Mufcles lay their Eggs in 
String? on the Outfide of their Shells, and that thefe Eggj ox 
Sfanvm continually increaie in Strength till they become perfe^ 
Mttfclss I at which time, part of the £^>^i7is difcoverable up* 

. iMi the outward Corcrio^ of the Fifli, 'till that Coat is hardened 
or changed into a firm Shell. Phi/e/. Tranf. N^ 3}6* . 

i(. Mf^Stroiimm tells uaheiawon the Coaft of Cri/tm aa 
Oyfter of a Foot Diameter $ and that the Shell of one of thefe 
did erow tSl it was three Feet in Diameter broad, and a Foot 
thickt after the Flefli was putrified- P^¥^ ^^^- N"* 282. 

16. These are very commonly found ^mt/j of different Sizes 
in the Bottom of the Shells of Oyfttn^ Scalkfi^ and elpecially 
in that called the Naker or Mother If Peaurl^ where they ^e g^ne* 
rally found in Abundance. The Pearl which are fomttimes 

. found in the Bodies of thofe FiSies, feein rather to be a Gravel* 
St9ni than a true Pearly and therefore liot fo valuable. 

17. Befides thefe Shell Fifh now mentioned, there aie many 
others to be met with in the Works of Naturalifis^ but infinitely 
more inthe Works of Nature herfelf ; which mull be left to th« 
Search and InduAry of future Time, which poi^ibly may arrive 

' by Degrees to a more accurate Knowledge,, and give a more 
perfe^ HiAory of them than b now to bi; had. 

ten>pdble 
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temptlbic Creatures are yet made with wondrous 
Jlrt^ Beauty^ aod Finery in fome particular Spe- 
cies of Snails^ Cockles^ &c. What artful curious 
Spirals, Circles, and other Divarications ahd dia- 
metrical Divifionsi da we obferve therein? How 
are they covered to pleafe the Fancy, and fcrvc 
the Luxury, even of the human Species? 4. 
Thele Shells^ or crujly Hmfes^ fervc the poot 
foft and bonelefs Inhabitants for Defence and Se- 
curity againft outward Accidents, from which 
they can fafely retreat therein. 5. A wonderful 
Thing in Snails is, that they have their Eyes 
placed (not in their Heads as other Animals, but) 
on or at the Top of their Horns ; which there- 
fore they can move %ther or nearer from their 
Head, and circumvolve them here ahd thert, or 
one this Way, the other that, atPieafure. 6* 
The Bodies of ShelU Animals are contrived with* 
out Bones or any Thing that I know of like 
them ; they confift of a tough membranous 
Subiiance, analogous to Fle(h and Mufcles ; 
and their internal Organs of Life are ieveral, and 
diftbdtly appear on being difle£ted ; but what 
the particular Shape and FtmSion of many of 
them may be, is not ib eafy to afcertain ; the 
Bowels and Inteftines of thefe Creatures bearing 
but fmall Analogy to thoie of more p^rfedt 
Animals, Ifhall end my Reflexions on them, 
by giving you a Cut, (hewing the mutual Co- 
pulation of Snails, by their Genitals G, in Fig. 
LIX. on Plate XXVL fronting/). 342. 

A. It is very wonderful indbsd ; as are moft 
of the other Particulars which you have related 
of the divers Species of Animals : But, pray, (be- 
fore we leave this Survey of the animal Creation) 

Z 3 let 
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let me aflc your Opinion of GrMins^ thcPb^if^: 
nix^ DragQhs^ Satyrs^ Syrens^ Xinif&rmj Mer-^ 
maid's^ Fairies^ &c^ Do you tbink^ tb^rc rcaljy 
are any^fuctjThmgStip Natum*? . . 

I . i-B. The 

. ■• . ' ' ' ' ? • ' 

♦ It makes Hot little for the Credit of the Hiftories of Dr^^ 
fMs, Unicotns. Met- Maids f &c that their Nain^9 are not to be 
found in th« Trairik£liotnft;6£oOr celebTllted Roy^ Societ}r» who* 
*tts^dl knowa> ^ddfive^^^eir^^f^^igMCiBattthe l^ft,H[a^ frpfl^l 
almoft dll f^arts of tne World. At Ie^2^ft| I <^an $od no Men- 
lion of any fach Creisitiltes ^'ftithie feven "Volumes of Abridge 

2.^ The Hifioire Naiurefle^tU Wmn^rfi giyes J^ Acpottntpf vf^p- 
Yeral-Perfons whbhaHAs d'ipf<Mb^ the Umcorn; ^nd p^rticttlarlvFa^ 

Anixn^l is of the Shape ai^d Size of a fine mad,e j^ w<sy gQ^pcir* 
tion*^ Hoi^fe, of a ba^ Coloar, with a black Tail^and £^tiemitieS|S 
lie addst ^ai ihc^JtikArHs of^iuuud have vier/'mdrt TMfs % aii^ 
thofe . of s/V/>ri>tf (a - C^nt^ji^ tlie \bmi; '■ IVoYitlct) .kavt^ IhoTii 
very I6ng» and ,t}i^ir M^nes haneing qver their tiea4A>fr«/^Vf 
Fagiy. ''' • ^ ■' ' '*■".• 

3. i)i^ AbifjiTays^hieftwiteHoadof a $)r820ii^M€li walftt 
up over the Watcjt ($au^n-.t\h^(^ti of ii?^^/ j.-thii^Sjfi^m wi» 
33 Feet long, and wafted all the Country roand^ ^till it was flaw 
by DeddaU \de~ G0zon,^'eL Kni^t of St. ^obH. {le fi^ys, th^ mad 
wasjike.t^t o|f!;fn{^g, but ^mch larger ; kt £ariSilif4.11keV 
^ule*s, but cutofF;,^e^</i& were^xtrap^iufy.^ih 
long; the T^n?^/ Wide ; 1^9 Eyes hbllow, and burningrjikeawo 
, ;<:aajs. ; Jx had ^tivolhllib Wln^V^^niite £a<^"; jit^ tep and Tlo}/ 
like thofeof ^ ^izard, but 4rc|9g» an^^^j^pi'd ^itb^ar.f and f58- 
nomousl^alons. His l&ody was covefd with^caleMyhi.(|J^ was 
^ ?roof ag;stnft >Artti9.' S^iethd^^ahflir of Ui'beingkflrdlnt^^ 

4. Ludolpbusy in ^is Ethiofk I^^ftory^ tells U8» that i^^e jUgf- 
fine Empire^ there vtrc voraci(ius fcaly Dragons of the largeft Size, 

tho' not venomonaior biA'tfiil othelw2fe than by tlie Bke;«aiid they 
look like tljix^ Bark of An old Tf^e^ Jtias^^<ieo^afkiciff,yoU IV* 
?age6i4. 

5 . The $tcr{p of Mer-Maids, Safyij, &c. Ji^d andbubt^y th«r 
Oijginal from inch Anioijils asthavein'Tome Refpedt^s Lwencifi 
to the human Shape and Fe/itf^^ej . Amoyig thcfe theMftiUey Kindt 
fhe Orii»| Outafig, iund' t]\^ ^cja Morreny are the chief on Land { 
and the :F/& c^lfd the Mermaid (tho' it has nothing of the Hm* 
pi^n ForffiJ aa4 if ia« Qther ui^ilfuftl.Aniioals in ^ ^. 
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; Cri§ms. Pb^mxy Dragonf^ JBk. J59 

/ . JB. The 'Pharnix is mentioned by Pliny:; and 
4)ther^ntieaiBvBijsa3e credulous than ikilful ; but 
liass iloag fince been rejected as a vulgar Error. 
,Tho Gmjinix^ Harfiyhzvt bad a Place given 
Abem in .Modem. Hiflodes of Nature, but not 
^aiflioat ^eat Reproaoh afid Ridicule to the Au^ 
Jthi»i[s;- &atym^: Sfrms, and Fairies^ aris ^1 Po- 
:cticdl Eictians;^ ^Tbe Scripture jmakes MeiHiou 
j6f;t9«c ^/ur^dHTfand the iJnmirn^ and moft Na^ 
jf»ra^ h^eaiirmM tbat there have been fuch 
4Greal:Weai tand gtveq I)eicriptions of them ^ but 
the Sight of thefe Creatures, or credible Rela-* 
«jlbn8^.dF them, liiving been fo y^ry rare, has oc-- 
foafiofi^d mluiy to believe there i^ver were an/ 
.^uoh »Atiimals la^ Nature $ at leaft it has made 
the ' Hiftory .of &em veiy doubtf^iiL As fp 
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. ^4 TflM» ^or* pt'r^jie fyojajMfffM b«ing wery wttMfamptk and 

<jario«Y I ^If iliffff ,itucrt it from Pabper^ wko (ays they are 

i6^i m ^alfi^QuiHia^ and !^}a/0 In Ethiopia, The Af^r^^ 

^att^em iSodwy* i^d Mnive ^^^ fpiang from the Imma/t Kaa, 

They have large H^f, ^ick h^vy^fiadie^^ Berypji^sAans, no 

TaiUy walk fomeumes erea, fometiifies.^dn atl-toorji they 

'.£0ed'4lii Fhiit'&id -wi&l Honey \ fight <:encin(iiaUy with one 

i|Mt*(*^r.rftoy ^aiefrt^Iqwrni^ t^fli^ a«d «f{l^;6liii^imctfaii» 

Women. The Port^gw^fpH^ them Savagej, 

7. /)if/^^ Cells U5« imtt )o JFeais before he H^fcfte, a Petole 

:^f dii^ Kind iV^f brc^gh^t• HMam^t and pr9Amt«d Prince 

. FriJe^ck^Himry, 'T^^8 f9.higf^^^CMd;of gVe^rs o)d, b^t t)vice 

as thick, weQ fet» ftrong' pnd niofbie ; it'littea Things of great 

Weight «ndjcarrieft4^iein front PUte to- Race. HerBrealb and 

. ^elly were ^fkq4, |[^t. 4ii|r |>a^ 99^^^^ ^ith Haic Her Face 

was fomewhat human, fa^t her Npfe flat anaituraed up. Her Ears, 

^^reaft/Nippfes, ElbbKrs, Lej^^, vttt;^A\y\ tLn^Fiuieft^a, vicro 

. altogether like- a Vf^taaaV.: *3he»ft*i»iltod<and wa^'4 oprigbt 

;pn her twp hiii|d Feet^ Skf ijKOuld take fhe Cup in one Hand, 

(upport it with the'other, and drink very neatly. She alfo lay 

dew* to fleep with iiir- Head on« S^}fr, end fpread the Co- 

v^let ey^ jll^r as jf . /^e ,iK|d b^n^ ^H|i|an (^ne^ture. it is fop* 

pofed M^is Species of ^Creator^ firft gave Rife to the poetical 

•Jiindbf Satyrs, See AtksGtogrJVdX. iV. fage 37*, and ^t. 
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360 7be Phxlo so pHicAL Grammar, 

Men and M^-- Maids ^ there certainly arc /bch 
Creatures in the Sea as have fome diilant Re&txiw 
blance of fome Parts of the Human Sbape^ Mien^ 
and Members ; but nqt fo perfe£ily like them, 
Ms very probable, as has been reprefented. In 
all fuch ambiguous Pieces of Hiftory, 'tis aba- 
ter not to be poiitive, and fometimes to fufpend 
our Belief, rather than creduloufly embrace 
every current Report, or vulgar Ail^rtion, which 
may perhaps expofe us to Ridicule, but can't 
procure us any folid Reputation for Wifdom 
and Learning. 

A. Well, leaving theie uncertain Std)je£ts, 
let us conclude thid fhort View of the Creation 
with what you caird xSm Accidents oi zmxDsX 
Life ) pray what do you reckon fuck ? 

B. They are fuch as follow, viz. 
Health i Thisarifetli from an apt Conftruc* v 

tion and due Temperament of the Parts, where- 
by they are capable of performing all the natu* 
ral Aftions and Fundions of Life. 

Difeafe ; This is that State of an afiimal 
Body, which deprives it of the Faculty of ex- 
erting every Aftion proper for it. 

Vigilance J or the State of ieing awake j This 
arifeth from the Prefence and Adion of a due 
Quantity of animal Spirits through all the Parts 
of the Body ; by Means of which the Organs 
of the external and internal Senfes, and all the 
Inftruments of Motion depending on the Will, 
are properly affeded by external Objefts, and 
calily perform all their A(5tions and Motions* 
^ Slefp^y The State contxzty to Vigiknce ^ but 
what is the Caufc^ or wherein it doth confiA, the 

greateft 
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Of Dreams^ }Itmger^^rfi^ and Death. 361 

greateft Fhyfinlogifti differ in their DetermiiiaT 
tions, and are puzzled tp account for it. . 

Dream $ This is an Adtion of the rejle3ive 
Faculty of the Mind^ which is always adive 
even in Sleep» and doth therein rcfrolle^ and Xfir 
view the Ideas which were prefent to it when 
the Body was waking : But the Body s[fleep not 
admitting the Exercife of the rational Faculty of 
the Mind, it irangeth thoie Ideas for the moft 
Part in a confufed, unnatural, and imperfedfc 
Manner; and thbVifion of Things we call a 
Dream. 

Fhmger ; This is that Qiiality which arifeth 
from a Vellicatim. of the inner Coats of the Sto- 
macl^, bv the A(^on of the digefting Juice % 
which^ hafing no Food whereon to fpend it^ 
Force, gnaws on the Stomach itfelf, and there- 
by excites in our Minds the Dejire or Appetite (^ 
Food. 

^birjl ; This is /bmewhat analogous to Hun^ 
ger.i for a due Quantity of Moifture being 
wanting in the Stomach, and Parts of the 
Throat and Mouth, produceth that molefiing 
Senfation^ which creates in us a Neceffity of 
Drinking^ to remove it. 

Death I This brings an Animal to its la^ 
State ; and isr nothing but a final Obftrudtion or 
natural Ceflation of all the animal and vital Fa«» 
culties and Functions of the Body ; which then 
reiiitins in a State of perfect Quiefcence, and is 
entirely paffive to all other Changes and Condi- 
tions it meets withal in this World. And, as 
Death puts an End to all Things^ fo I judge it 
moft natural to end this long Reflexion on the . 

wonderful 



36a ^i&f Philosophical GRAMMAtt.- 
wonderAH WorftG of God, the great AutSiffl* <^ 

slfo e'«r lot^ will iflCercept all fuch delightful 
ttnd ^reeable Coiwtiii, bS hath hitherto palled 
between yoB and eat. ' 

A,'fAi\ WcFfe it not Arthc ftofpcaof a 
IxQer, md & more pei&d'StatedfL^^ an^^- 
ing hereafiier, How dreadful' would be the 
TThougbt c^'partiiijf with our Jfdr, ourfrieitdfy 
mad ngreeaSir Company ahd Acquaintaoce, even 
in this Life of Troubles ! I am heartily^fony 
dut ow KWbvrled^ extends no jfattber in the 
NiAutv of THio^s r IfihMit rs a Topic, whi(%, c^ 
bU e«hei^v^^e^me the moft i«Hous and psrfeA 
FloofeFe ktth6C6Atempkt(oD<]f^t.' Aln^.nfince 
Vou havetaicen <abundant P&ins to repl&iK^i' tny 
ilind vdth'thi jbiftTreaf^re of this 'Salt d£ 
Science, I can but love you, and return you-my 
ample Tfaafllcfr ^ Ak ^(bne^ • ^ ' 
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